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or PREFACE 


TO THE REVISED AND ENLARGED EDITION 
OF VOL, IL. 


To the statements made in the preface to the first volume 
of this revised edition, there must here be added a few hav- 
ing special reference to thia second volume, 

One of them is that the revision has not been carried 
oat in quite the same way, but in a way eomowhat lese com- 
plete. When reviewing the first rolume a friendly critic, 
Prof. Lloyd Morgan, said :— 

“ But though the intellectual weight has aleo been augmented, it 
fsan open question whether it would not have been wiser to leave 


intact a treatise, &e, . . . rolesating eorroctionsand additions to 
notes and appendices." 


I think that Prof. Morgan is right. Though at the close 
‘of the preface to volume I, I wrote :—“in all sections not 
marked as now, tho cssontial ideas set forth are the same as 
they were in the original edition of 1864,” yet the reader 
who has not read this statement, or does not bear it in mind, 
will suppose that all or most of the enunciated conceptions 
are of recent date, whereas only a small part of them are. 
T have therefore decided to follow, in this second volume, a 
course somewhat like that suggested by Prof. Morgan— 
somewhat like, I ray, because in sundry cases the amend- 
ments could not be satisfactorily made by appended notes. 

’ 
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But there has been a further reason for this change of 
method. An invalid who is nearly eighty cannot with pru- 
dence enter upon work which will take long to complete. 
Hence I have thought it better to make the needful altera- 
tions and additions in ways requiring rolatively moderate 
time and labour. 

‘The additions made to this volume are less numerous and 
Jess important than those made to the first volume. A new 
chapter ending Part V, on “The Integration of the Or- 
ganie World,” serves to round off the general thoory of 
Evolution in its application to living things. Beyond a new 
section (§ 2892) and the various foot-notes, serving chiefly 
the purpose of elucidation, there are notes of some signifi- 
cance appended to Chapters I, ITI, TV, and V, in Part IV, 
Chapters V and VIH, in Part V, and Chapters IX, X, and 
XI in Part VI. Moreover there are three further appen- 
dices, D*, F, and G, which have, I think, considerable sig- 
nificance as serving to make clearer some of the views 
expressed in the body of the work. 

Turning from the additions to the revisions, I have to 
say that the aid needed for bringing up tu date the contents 
of this volume, has been given me by the gentlemen who 
gave mo like aid in revising the first volume : omitting 
Prof. Perkin, within whose province none of the contents 
of this volume fall. Plant-Morphology und Plant-Physi- 
ology have been overeeen by Mr, A, G, Tansley, Criti- 
cisms upon parts dealing with Animal Morphology I owe 
to Mr. J. T. Cunningham and Prof. E. W. MacBride. 
And the statements included under Animal Physiology 
have been checked by Mr. W. B. Hardy. 
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For reazone like those named in the preface to the first 
_) volume, I have not submitted the proofs of this revised 
second volume to these gentlemen: « fact which it is need- 
ful to name, since one or other of them might cleo be held 
responsible for some error which is not his but mine. It is 
the more requisite to say this because while, in respect of 
matters of fact, I have, save in one or two cases, accepted 
their corrections as not to be questioned, I have not always 
done this in respect of matters of inference, but in sundry 
places have adhered to my own interpretations, 

Perhaps I may be excused for expressing some satisfac. 
tion that 1 have not been obliged to relinquish the views set 
forth in 1864-7. The hypothesis of physiological units-—or, 
as I would now call them, constitutional units—has been 
adopted by several zoologists under modified forms. So far 
as T am aware, the alleged general law of organic symmetry 
has not called forth any manifestations of dissent. The 
suggested theory of vertebrate structure appears to have 
become current; and from the investigations of the late 
Prof. Cope, has received verification. The conclusions 
drawn in Part VI on “The Laws of Multiplication,” have 
‘not, I believe, been controverted. And though only some 
works on botany hare given currency to the doctrine set 
forth in Appendix ©, “On Circulation and the Formation 
‘of Wood in Plants,” yet I have met with no attempt to dis- 
Prove it, The only views contested by certain of the gen- 
tlemen above named, are thore concerning the origin of 
the two great phmenogamic types of plants, and the origin 
of the annulose type of animals. I have not, however,— 
perhaps because of natural bine—found mysolf compelled 
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to surrender these views. My reasons for adhering to them 
will be found in notes to the ends of Chapters III and IV 
in Part IV, and in Appendix D'. 

On now finally leaving biological studies, it remains only 
to say that I am glad I have survived long enough to give 
this work its finished form. 

BRIGHTON, 

October, 1899. 





PREFACE TO VOL. IS. 





‘Tux proof sheets of this volume, like those of the last 
volume, have been looked through by Dr. Hooker and 
Prof, Huxley; and I have, as before, to thank them for 
their valuable criticisms, and for the trouble they have 
taken in checking the numerous statements of fact on 
which the arguments proceed. The consciousness that 
their many duties render time extremely precious to them, 
makes me feel how heavy is my obligation. 

Part TY., with which this volume commences, contains 
numerous figures. Nearly one half of them are repeti- 
tions, mostly altered in scale and simplified in execution, of 
figures, or parts of figures, contained in the works of vari- 
ous Botanists and Zoologists. Among the authors whom I 
have laid under contribution, | may name Berkeley, Car- 
pentor, Cuvier, Groon, Harvey, Hooker, Huxley, Milne- 
Edwards, Ralfs, Smith. The remaining figures, ne:nbering 
190, are from original sketches and diagrams. 

The suecossive instalments which compose this volume, 
were ixxued to the Subscribers at the following dates : 
12 (pp. 1—80) in Jannary, 1865; No. 14 (pp. 8 
Jane, 1865; No. 15 (pp. 161—240) in December, 1865 ; No. 
16 (pp. 241—320) in June, 1866; No. 17 (pp. 321—400) in 
November, 1866 ; and No. 18 (pp. 401—566) in March, 1867. 


Lospow, March 20rd, 1867. 
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CHAPTER I. 


‘THE PROBLEMS OF MORPHOLOGY. 

§ 175, Tue division of Morphology from Physiology, ia 
one which may be tolerably-well preserved so long as we do 
not carry our inquiries beyond the empirical generalizations 
of their respective phenomena; but it ix one which becomes 
in great measure nominal, when the phenomena are to be 
rationally interpreted. It would be possible, after analyzing 
our Solar System, to et down certain general truths respect- 
ing the sizes and distances of ite primary and secondary 
members, omitting all mention of their motions; and it would 
be possible to set down certain other general truths respect- 
ing their motions, without specifying their dimensions or 
positions, further than as greater or less, nearer or more re- 
mote. But on seeking to account for these general truths, 
arrived at by induction, we find ourselves obliged to consider 
simultaneously the relative sizes and places of the masses, 
and the relative amounts and directions of their motions. 
Similarly with organisms. Though we may frame sundry 
comprehensive propositions respecting the arrangements of 
their organs, considered as so many inert parts; and though 
‘we may establish several wide conclusions respecting the sepa- 
tate and combined actions of their organs, without knowing 
anything definite respecting the forms and positions of these 
organs; yet we cannot reach such a rationale of the facts as 
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the hypothesis of Evolution aims at, without contemplating 
structures and functions in their mutual relations, Every 
where structures in great measure determine functions; and 
everywhere functions are incessantly modifying structures 
In Nature the two are inseparable co-operators; and Science 
can give no true interpretation of Nature without keeping 
their co-operation constantly in view. An account of organie 
evolution, in its more special aspects, must be essentially an 
account of the inter-actions of structures and functions, as 
perpetually altered by changes of conditions. 

Hence, when treating apart Morphological Development 
and Physiological Development, all we ean do is to direct our 
attention mainly to the one or to the other, as the case may 
be. In dealing with the facts of structure, we must consider 
the facts of function only in such general way as is needful 
to explain the facts of structure; and conversely when desl- 
ing with the facts of function. 


§176. The problems of Morphology fall into two distinel 
classes, answering respectively to the two leading aspects of 
Fyolution. In things which evolve there go on two processet 
—inerease of mass and increase of structure. Increase of 
mass is primary, and in simple evolution takes place almos| 
alone, Increase of structure is secondary, accompanying 01 
following increase of mass with more or less regularity, wher: 
ever evolution rises above that form which small inorganic 
boilies, such as crystals, present to us, As the fundamenta 
antagonism between Dissolution and Evolution consists in this 
that while the one is an integration of motion and dis 
integration of matter, the other is an integration of matter 
and disintegration of motion; and as this integration of mat- 
ter accompanying disintegration of motion, is a necessary 
antecedent to the differentiation of the matter so integrated 
it follows that questions concerning the mode in which the 
parts are united into a whole, must be dealt with before 
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concerning the mode in which these parts become 
aueitions ing, in w pi 


This is not obviously a morphological question. But an 
illustration or two will make it manifest that fundamental 
differences may be produced between aggregates by differences 
in the dogrees of composition of the increments: the ultimate 
units of the increments being the same. ‘Thus an accumula- 
tion of things of a given kind may be made by adding one at 
a tine. Or the things may be tied up into bundles of ten, 
and the tens placed together. Or the tene may be united 
into hundreds, and a pile of hundreds formed. Such unlike- 
nesses in the structures of masses are habitually seen in our 
mercantile transuctions. Articles which the consumer re- 
cognizes as single, the retailer keeps wrapped up in dozens, 
the wholesaler sends in gross, and the manufacturer supplies 
in packages of a hundred grose. That is, they severally in- 
erease their stocks by unite of simple, of compound, and of 
Soubly-compound kinds. Similarly result those differences of 
morphological composition which we have first to consider. 
An organism consists of units, These units may be aggre- 
gated into a mass by the addition of unit to unit. Or they 
may be united into groups, and the groups joined together. 
Or these groups of groups may be 20 combined as to form a 
doubly-compound aggregate. Hence there arises respecting 
each orgunic form the question—is its composition of the 
first, second, third, or fourth order?—does it exhibit units of 
@ singly-compounded kind only, or are these consolidated 
into units of a doubly-compounded kind, or a triply-com- 
pounded kind? And if it displays double or triple composi- 

© Th sees neodfal lore to say, that allusion i¢ made In this paragraph to a 

respecting the ultimate natures of Evolution and Dissolution, 

fe contained in an essay on The Classification of the Sciences, pub- 

Hished in March, 1864. When the opportunity comes, I hope to make the 

definition there arrived at, the basis of a re-organization of the second part of 

First Principles: giving to that work a higher development, and a greater 

ohetion, than it at present possesses. [Tho intention here indicated was 
oly carried - in 1807.) 
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tion, the homologies of its different parts become problems, 
Under the disguises induced by the consolidation of primary, 
pocondary, and tertiary units, it has to be ascertained which 
answer to which, in their degrees of composition. 

Such questions are more intricate than they at first ap- 
pear; since, besides the obscurities caused by progressive inte- 
gration, and those duc to accompanying modifications of form, 
further obscuritics result from the variable growthe of units 
of the different orders, Just as an army may be augmented 
by reeruiting each company, without increasing the number 
of companies; or may be augmented by making up the full 
complement of companies in each regiment, while the num- 
ber of regiments remains the same; or may be augmented 
by putting more regiments into cach division, other things 
being unchanged; or may be augmented by adding to the 
number of its divisions without altering the components of 
each division; or may be augmented by two or three of these 
processes nt once; so, in organisms, increase of mass may 
tesult from additions of units of the first order, or those of the 
second order, or those of still higher orders; or it may be due 
to simultaneous additions to units of several orders. And 
this last mode of integration being the general mode, puts 
difficulties in the way of analysis, Just as the structure of 
an army would be made less easy to understand if companies 
often outgrew regiments, or regiments became larger than 
brigades; so these questions of morphological composition 
are complicated by the indeterminate sizes of the units of 
each kind: relatively-simple units frequently becoming more 
bulky than rolatively-compound units. 


§127. The morphological problems of the second class 
are those having for their subject-matter the changes of shape 
which accompany changes of aggregation. The most general 
questions respecting the structure of an organism, having been 
answered when it is aecertaincd of what units it is composed 
az a whole, and in its several parts; there come the more 





TRE PROBLEMS OF MORPHOLOGY. q 


‘special questions concerning its form—form in the ordinary 
sense. After the contrusts caused by variations in the process 
of integration, we have to consider the contrasts caused by 
variations in the process of differentiation. To speak speci- 
fically—the shape of the organism ae a whole, irrespective 
of its composition, has to be accounted for. Reasons have 
to be found for the unlikeness between its general outlines 
and the general outlines of allied organisms, And there 
hare to be answered kindred inquiries respecting the propor- 
tions of its component parts:—Why, among such of these aa 
are homologous with one another, have there arisen the 
differences that exist? And how have there been produced 
‘the contrasts between them and the homologous parts of 
organisms of the same type? 

Very numerous ure the heterogeneities of form presenting 
themselves for interpretation under these heads. The ulti- 
mate morphological units combined in any group, may be dif- 
ferentiated individually, or collectively, or both: each of them 
‘may undergo changes of shape; or some of them may be 
changed and others not; or the group may be rendered mul- 
ey by the greater growth of some of its units than of 
imilarly with the compound units arising by union 
yee these siniple units. Aggregates of the second order may 
be made relatively complex in form, by inequalities in the 
rates of multiplication of their component units in diverse 
directions; and among a number of such aggregates, numer- 
‘ous unlikenesses may be constituted by differences in their 
egrees of growth, and by differences in their modes of growth. 
Manifestly, at each higher stage of composition the possible 
“sources of divergence are multiplied still further. 

‘That facte of this order can be accounted for in detail is 
“not to be expected—the data are wanting. All that we may 
"hope to do is to ascertain their general laws. How this is to 
eecarets! we will now consider. 


178. The task before us is to trace throughout these 
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phenomena the process of evolution; and to show how, as 
displayed in them, it conforms to those first principles which 
evolution in general conforms to, Two sets of factors have 
to be taken into account. Let us look at them, 

‘The factors of the first class are those which tend directly 
to change an organic aggregate, in common with every other 
aggregate, from that more simple form which is not in equi- 
librium with incident forces, to that more complex form which 
is in equilibrium with thom, We have to mark how, in corre- 
spondence with the universal law that the uniform lapses into 
the multiform, and the leas multiform into the more multi- 
form, the parts of each organism are ever becoming further 
differentiated ; and we have to trace the varying relations to 
‘incident forces by which further differentiations are entailed, 
We have to observe, too, how each primary modification of 
structure, induced by an altered distribution of forces, becomes: 
a parent of secondary modifieations—how, through the neces- 
sary multiplication of effects, change of form in one part 
brings about changes of form in other parts. And then we 
have also to note the metamorphoxes constantly being induced 
by the process of segregation—by the gradual union of like 
parts exposed to like forces, and the gradual separation of like 
parts exposed to unlike forces. The factors of the second 
class which we have to keep in view throughout our interpret 
ations, are the formative tendencies of organisms themselves 
—the proclivities inherited by them from antecedent organ- 
ism, and which past processca of evolution have bequeathed, 
We have seen it to be inferable from various ordera of facta 
(§§ 65, 84, 97-97y), that organisms are built up of certain 
highly-complex molecules, which we distinguished as physio- 
logical units [or constitutional units as they might otherwise 
be called |—each kind of organism being built up of units pe- 
culiar to itself. We recognized in these units, powers of ar- 
ranging themselves into the forms of the organisma to which 
they belong; analogous to the powers which the molecules of 
inorganic substances have of aggregating into specific erystal- 
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line forms. We haye consequently to regard this proclivity of 
the physiological units, as producing, during the development 
of any organism, a combination of internal forces that expend 
themeelyes in working out a structure in equilibriam with 
the forces to which ancestral organisms were exposed; but 
‘not in equilibrium with the forces to which the existing organ- 
ism is expoeed, if the environment has been changed. Hence 
the problem in all cases is, to ascertain the resultant of inter- 
nal organizing forces, tending to reproduce the ancestral form, 
and external modifying forces, tending to cause deviations 
from that form. Moreover, we have to take into account, 
not only the characters of immediately-preceding ancestors, 
‘hut also those of their ancestors, and ancestors of all degrees 
of remoteness. Setting out with rudimentary types, we have 
to consider how, in each successive stage of evolution, the 
structures acquired during previous stages have been ob- 
soured by further integrations and further differentiations; 
or, converscly, how the lineaments of primitive organisms 
have all along continued to manifest themeclvea under the 
superposed modifications. 


$179. Two ways of carrying on the inquiry suggest them- 
selves. We may go through the several great groups of 
organisme, with the view of reaching, by comparison of parts, 
certain general truthe respecting the homologica, the forms, 
and the relations of their parte; and then, having dealt with 
the phenomena inductively, may retrace our steps with the 
Siew of deductively interpreting the general truths rene 
Or, instead of thus separating the two investigations, we 
may carry them on hand in hand—first establishing each 
general truth empirically, and then proceeding to the ra- 
fionle of it. This laet method will, I think, condace to 
both brevity and clearness. Let us now thus deal with the 
firtt class of morphological problems. 








[Nore—In preparation for treating ofgrorpholyzice! do- 
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velopment, sundry other general considerations should have 
been included in the foregoing chapter when originally pub- 
lished. This seems the moet appropriate place for now nam- 
ing them. Some were implicitly contained in the first vol- 
ume, but it will be well definitely to state these, as well as 
the others not yet implied. 

Interpretation of the forms of organisms and the forms 
of their parts, must depend mainly on the conclusions pre- 
viously drawn respecting their phylogeny; and the drawing 
of such conclusions must be guided by recognition of the 
various factors of Evolution, as well as by recognition of 
certain extremely general results of Evolution and certain 
concomitants of Evolution. 

A primary one among these is that no cxisting species can 
exhibit more than approximately the ancestral structure of 
any other existing species, As all ancestors have disappeared, 
so, in a greater or less degree, the traits, specifle, generic, or 
ordinal, which distinguished the earlier of them have disap- 
peared. Setting out with the familiar symbol, a tree, let us 
regard its peripheral twigs as representing extant. species; 
let ue aesume that the interior of the tree is filled up with 
some eupporting substance, leaving only the ends of the 
living twigs projecting ; and let ua suppose the trunk, main 
branches, secondary branches, tertiary branches, &e., have 
decayed away, ‘Then if we take these decayed parts to stand 
for the divergent and re-divergent lines of evolution which 
are represented by fossils in the Enrth’s crust, it will be 
manifest, first, that no one of the living superficial twigs (or 
epecics) exhibits the ancestral organization whence any other 
of the living superficial twigs (or species) has been developed ; 
it will be manifest, second, that the generic structure in- 
herited by any existing species must be a structure out of 
which came sundry allied species—the fork, as it were, at 
which adjacent twigs diverged; and third, that the ancestor 
of an order must, in like manner, be sought at some point 
deeper down in the symbolic tree—a place of di Y 
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the sub-branches representing allied genera, Similarly with 
the ancestral types of classes, still deeper down in the tree or 
further back in time. So that phylogeny becomes more and 
more speculative as its questions become more and more 
radical. And the difficulty is made greater by the deficiency 
of palwontological evidence, 

One obvious corollary is that an ancestral type from which 
wundry allied types now existing diverged, was, speaking 
generally, simpler than these; since the divergent types be- 
came different by the superposing of modifications, adding 
to their complexities. There is a further reason for inferring 
that the least specialized member of any group ig more like 
the remote ancestor than any of the others; for every adap- 
tation stands in the way of subsequent re-adaptations: it 
presents a greater amount of structure to be undone, To get 
come idea of the ancestral type where no extant member of 
the group is manifestly simpler than the rest, the method 
must be to take all its extant members and, after letting 
their differences mutually cance), observe what remains com- 
‘mon to them al 

Bat there are difficulties standing in the way of phylogeny, 
and consequently of morphology, much greater than these. 
Returning to our symbolic tree, it is clear that it would be 
far from easy to cay of any one twig which extinct sub- 
Draneh, branch, and main branch it belonged to, even sup- 
posing that the growths of all parts had been uniformly out- 
warde Immenxely more perplexing, then, must be the 
afiiliation if various of the branches, sub-branches, &e., have 
gent out backward-growing shoots which have come to the 
surface only after prolonged retrograde courses, and if other 
branches have sent shoots into regions occupied by alien 
branches—shoots bearing twigs which come to the eurface 
with those to which they are but remotely allied. The 
of origin and of structure which orgunisens present, 
by both of the difficulties thus symbolized. 
f them arises from the prevalence of retrograde 
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metamorphoses. ‘Throughout the animal world these are 
variously displayed by parasites, multitudinovs in their 
kinds; for most of them belong to types much higher in 
organization. Changed habits and consequent changed struc~ 
tures have so transferred them that only by study of their 
embryonic stages can their Kinships be made out. And theso 
retrograde metamorphoses, conspicuous among parasites, have, 
in the course of evolution, affected some members of all 
groups; for in all groups the struggle for existence has com- 
pelled some to adopt careers leas trying but less profitable, 
Not only by forcing on many kinda of organisms simpler 
ways of living, and consequent degeneracy, has the universal 
competition caused obscuring transformations, It has done 
this also by tempting many other kinds of organisms 
to adopt ways of life not simpler than before but merely 
different. Pressure continually prompts every type to ine 
trude on other types’ spheres of activity; and so causes it to 
assume certain structural characters of the types whose 
spheros it invades, masking its previous characters. Modifi- 
cations hence arising have, in the great mass of eases, been 
superposed one on another time after time. The aquatic 
animal becomes through several transitions a land-animal, 
and then the land-animal through other transitions becomes 
now an aérial animal like the bat and now an aquatic animal 
like the whale. Cortain kinds of birds furnish extreme 
Mlustrations. There was the change from the fish to the 
water-breathing amphibian and then to the air-breathing 
amphibian; thence to the reptile living on the Harth’s sur- 
face; thence to the flying reptile and the bird; then came 
the diving birds, joining with their atrial life a life passed 
partly in the water; and finally came a type like the 
penguin, in which the power of flight has been lost and the 
water has again become the almost exclusive medinm, except 
for breathing, Of course the mouldings and re-mouldings of 
structure resulting from these successive unlike modes of 
life, in many cases put great difficultics in the way of ascer- 
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taining which are the original corresponding parts. Some 
parts have become abnormally large; others have dwindled 
or disappeared ; and the relative positions of parts have often 
‘been greatly changed. A bat’s wing and a bird’s wing are 
analogous organs, but their frameworks are but partially 

While in the bird the terminal parts of the 
forelimb do little towards supporting the wing, in the bat 
the wing ix mainly supported by enormously-developed termi« 
nal parts. 

‘The effects of the struggle to eurvive, which here prompts 
a-simpler life with resulting degeneracy and there a different 
life with resulting new developments, are far from being the 
only causes of morphological obscurations. Fulfilment of 
certain highly general requirements gives certain common 
traits to plants of widely divergent clases; and fulfilment of 
eertain other highly general requirements gives certain 
common traits to animale of widely divergent classea, It was 
remarked in the first volume (§ 54/) that the cardinal distine~ 
tion between the characters of plants and animals arises from 
the fact that while the chief food of plants ix universally 
present the food of animals is scattered. Here it has to be 
added that to utilize the universally distributed food the 
ordinary plant needs the aid of light, and haa to acquire 
structures enabling it to get that ald; while the ordinary 
animal, to utilize the scattered food, must acquire the strue- 
tures needful for locomotion. Let us contemplate separately 
the trails hence resulting in the vegetal world and the traits 
hence resulting in the animal world. 

‘The familiar plantain meets the requirement by growing 
stiff leaves enabling it to press down the competing grasses 
ground which would else shade it; but the great majority of 
ordinary plants meet the requirement by ing themselves 
into the air. Hence the need for a stem, and hence the fact 
that plants of widely unlike natures similarly form stems 
which, in achieving strength cnough to support the foliage 
and resist tho wind, acquire certain adaptive structures hav- 
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ing a general similarity. Here from the edge of a pool is 
a reed, and here from the adjacent copse is a hemlock: the 
one having grown tall in escaping the shade of its com- 
panions and the other in escaping the shade of the surround- 
ing bruzhwood. On being cut across cach discloses a tube, 
and each exhibits septa dividing this tube into chambers. 
In either case by the tubular structure is gained the greatest 
strength with the least material; but there is no morpho- 
logical kinship between the tubes nor between the. septa, 
Still more marked is the simulation of homology by analogy 
in another plant which the adjacent ditch may furnieh—the 
common Horsetail. In this, again, we see an elongated ver- 
tical-grawing purt, raising the foliage into the air; and, ax 
before, this is tubular and divided by septa. A type utterly 
alien from the other two has, by survival of the fittest, been 
similarly moulded to mect mechanical neede. 

Passing now to the obscurations in the animal world 
caused by alterations favouring locomotion, we note first that 
the locomotive power is at the outset very slight. Among 
many orders of Protozoa, us also among many low types of 
Metazoa, vibratile cilia are the most general agents of loco- 
motion — necessarily fecble locomotion. Regarded in the 
maze, the Calenterala, when not stationary like the Hydra or 
higher types in the hydroid stage, usually possess only such 
small self-mobility as the slow rhythmical contractions of 
their umbrella-disks effect, or else such as is effected by bands 
of cilia or of vibratile plates, as in the Berve. Even among 
these low tpes of Mefazoa, however, in which ordinarily the 
radial structure is conspicuous, or but slightly obscured by 
an ovoid form as in the Clenophora, we find, in the Cestus 
reneris, extreme obscuration caused by an elongation which 
fs ites movement through the wa’ like by the actions 
of ils vibratile plates and by its undulations, which simulate 
those of sundry higher animals. 

And here we come upon the cazential fact to be recognized. 
Elongation favours locomotion in various ways that are 
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severally taken advantage of by different types of creatures, 
(1) Po a given mass of moving matter the resistance of the 
medium decreases along with decrease in the area of its 
transverse section, and this implies increase of length: a given 
force will more tho lengthened mass along with greater 
facility. (2) Reaching a certain point the elongated form 
enables an animal to progress by undulations, as in the 
water fish do, and even some celenterates and turbellarians 
do, and as on land snakes do: lateral resistances serving in 
either case os fulera, (3) Longthening of the body serves 
otherwise to aid locomotion in tho creeping or burrowing 
worm, which, utilizing the statical resistance of its hinder 
part thrasts onwards its fore part, and then, holding fast its 
fore part by the aid of minute sete, draws the hinder part 
after it. But elongation, doubly advantageous at first, while 
the body is iteelf the chief instrument of locomotion, gradually 
loses its advantageousnees as special instruments of locomo- 
tion are developed. (4) This we sce in that locomotive 
action effected by limbs, which, many and small in the lower 
Arthropoda and becoming few and larger in the higher, at 
length give great activity to a shortened and consolidated 
body; a stage reached only through stages of decreasing 
elongation accompanying increase of limb-power. (5) In 
the Verfebrate locomotion by undulations comes, along cer- 
tain lines of evolution, to be replaced by that limb-locomo~ 
tion which accompanies the rise from water-life to land- 
the evolution of Amphibians exhibiting the transition. (6) 
Further, we see among mammals that as limbs become effi- 
cient the elongated body ceases to be itself inatrumental in 
locomotion, but that still some elongation remains a charac- 
teristic. (7) Finally, where limb-locomotion reaches its high- 
os i as in birds, elongation disappears 

‘These classes of familiar facts 1 have recalled to show 
that, in the course of erolution, achievement by plants of the 
‘all-essential elevation into the air and by animals of the 
power of movement have developed this trait 
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of elongation in various types; and that in cach kingdom 
acquisition of the common trait has had a tendency now to 
obscure morphological equivalence, and now to give the ap- 
pearance of kinship where there is none. A further pur- 
pose has been to prepare the way for a question hereafter 
to be discussed—whether, in the various types of either king- 
dom, the elongation is effected in the same ways or in dif- 
ferent ways. We shall have to ask whether the vertically 
growing part is always, like that of Lessonia, a simple in- 
dividual, or whether, as possibly in Phanogams, it is a united 
series of individuals; and similarly whether the elongated 
body is always single, like that of a mollusc, or whether, as 
possibly in annulose animals, it is a series of united in- 
dividuals.] 








CHAPTER II. 
THE MORPHOLOGICAL COMPOSITION OF PLANTS. 


$180. Eyotvrion implies insensible modifications and 
gradual transitions, which render definition diffleult—which 
make it impossible to separate absolutely the phases of 
organization from one another. And this indefiniteness of 
distinction, to be expected @ priori, we are compelled to 
recognize d posteriori, the moment we begin to group morpho- 
Jogieal phenomena into general propositions, Thus, on 
inquiring what is the morphological unit, whether of plants 
or of animals, we find that the facta refuse to be included in 
any rigid formula. The doctrine that al] organisms are built 
up of cells, or that cells are the elements out of which every 
tissue is developed, is but approximately truce. There are 
living forms of which cellular structure cannot be asserted ; 
and im living forms that are for the most part cellular, there 
are nevertheless cortain portions which are not produced by 
the metamorphosis of cells, Supposing that clay were the 
only material available for building, the proposition that all 
houses are built of bricks, would bear about the same relation 
to the truth as does the proposition that all organisms are 
compesed of cells. This generalization respecting houses 
‘would be open to two criticisms :—first, that certain houses 
of a primitive kind are formed, not of bricks, but out of 
wmmoulded clay; and second, that though other houses con- 
sist mainly of bricks, yet their chimney-pots, drain-pipes, and 
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ridge-tiles, do not result from combination or metamorphosis 
of bricks, but are made directly out of the original clay. 
And of like natures are the criticisms which must be passed 
on the generalization, that cells are the morphological units 
of organisms. ‘To continue the simile, the trath turns out to 
be, that the primitive clay or protoplasm out of which 
organisms are built, may be moulded cither directly, or 
with various degrees of indirectness, into organic structures. 
The physiological units which we are obliged to assume ax 
the components of this protoplasm, must, ax we have seen, 
be the possessors of those proclivities which result in 
the structural arrangements of the organism. 'The assump- 
tion of such structural arrangements may go on, and in 
many eases does go on, by the shortest route; without the 
passage through what we call metamorphoses. But where 
such structural arrangements are reached by a circuitous 
route, the first stage is the formation of these small aggre- 
gales which, undpr the name of cells, are currently regarded 
as morphological units. 

‘The rationale of these truths appears to be furnished by 
the hypothesis of evolution, We set out with molecules 
some degroce higher in complexity than those molecules of 
nitrogenous colloidal substance into which organie matter iz 
resolvable; and we regard these very much more complex 
molecules ax having the implied greater instability, greater 
sensitivences to surrounding influences, and consequent 
greater mobility of form. Such being the primitive physio- 
logical units, organic evolution must begin with the formation 
of a minute aggregate of them—an aggregate showing vitality. 
by a higher degree of that readiness to change its form of 
aggregation which colloidal matter in general displays; and 
by its ability to unite the nitrogenous molecules it meets 
with, into complex molecules like those of which it is com- 
posed, Obviously, the earliest forms must have been minute; 
since, in the absence of any but diffused organic matter, no 
form but @ minute one could find nutriment. Olwiously, too, 
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it myust have been strnetureless; since, as differentiations are 
producible only by the unlike actions of incident forces, there 
could have been no differentiation before such forces had had 
time to work, Hence, distinctions of parts like those required 
to constitute a cell were necesearily absent at first. And we 
need not therefore be surprised to find, as we do find, specks 
‘of protoplasm manifesting life, and yet showing no signs of 
organization. A further stage of evolution is 
reached when the imperfectly integrated molecules forming 
one of these minute aggregates, become more coherent; at 
the same time as they pass into a state of heterogeneity, 
gradually increasing in its definiteness. ‘That is to say, we 
may look for the assumption by them, of some distinctions of 
parts, such as we find in cells and in what are called uni- 
cellular organisms, They cannot retain their primordial 
uniformity; and while ina few cases they may depart from it 
bat slightly, they will, in the great majority of cases, acquire 
a decided multiformity: there will result the comparatively 
ieeeaiat and consparatively differentiated Protophyla and 

The production of minute aggregates 
of Si cickgial units being the first step, and the passage 
of such minute aggregates into more consolidated and more 
complex forms being the second step, it must naturally 
happen that all higher organie types, subsequently arising by 
further integrations and differentiations, will everywhere boar 
the impress of this earliest phase of evolution. From the 
Taw of heredity, considered ns extending to the entire sue- 
cession of living things during the Earth's past history, it 
follows that since the formation of these small, simple organ- 
isms must have preceded the formation of larger and more 
‘complex organisms, the larger and more complex organising 
must inherit their essential charactors. We may anticipate 
that the multiplication and combination of these minute 
aggregates or cells, will be conspicuous in the early develop- 
“mental stages of plants and animals; and that throughout 
‘subsequent stages, cell-production and cell-differentiation 
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visible without the microscope. But, in some cases, thes 
vegetal aggregates of the first order grow to appreciabl 
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sizes. In the mycelium of some fungi, we have single cell 
developed into long branched filaments, or ramified tubules 
that are of considerable lengths. An analogous structure char 
acterizes certain tribes of Alga, of which Codinm adharens 
Fig. 4, may serve as an example. In Botrydium, anothe 
alga, Fig. 5, we have a structure which is deseribed as sima 


lating a higher plant, with root, stem, bud, and fruit, al 
produced by the branching of a single cell. And amon 


fungi the genus Mucor, Fig. 6, furnishes an example o 
allied kind.* Mere, though the size attained is much greate 
than that of many organisms which are morphological, 
compound, we are compelled to consider the morphologica 
composition as simple; since the whole can no more b 
separated into minor wholes, than can the branched vascula 

In further ilustration, Me, Tansley namos tho fect that in the gem) 
Caulerpa we have extremely complicated forms often of copsiderable si 
produced in the same way, The rarious apecios simulate very perfectly & 


members of difforent groups among the higher plants, auch ax Hors-tail 
‘Mosses, Cactuses, Conifers and the like. 
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eyetem of an animal In these cases we have considerable 
‘bulk attained, not by a number of aggregates of the first 
order being united into an aggregate of the second order, but 
by the continuous growth of an aggregate of the first order, 


$152. The transition to higher forms begins in a very 
unobtrusive manner. Among these aggregates of the first 
order, an approach towards that union by which aggregates 
of the second order are produced, is indicated by mere juxta- 
position. Protophytes multiply rapidly; and their rapid 
multiplication sometimes eiuses crowding. When, instead 
of floating free in the water, they form a thin film on a moist 
surface, or are imbedded in a common matrix of mucilage; 
the mechanical obstacles to dispersion result in a kind of 
feeble integration, vaguely shadowing forth a combined 
group. Somewhat more definite combination is shown us by 
such plants as Palmela botryoides. Here the members of a 
family of cells, arising by the spontaneous fission of a parent- 
cell, remain united by slender threads of that jelly-like sub- 
stance which enyelops their surfaces. In some Diatomacee 
several individuals, instead of completely ecparating, hold 
together by their angles; and in othor Diatomacee, as the 
Bacilteria, a variablo number of units cohere so slightly, that 
they are continually moying in relation to one another. 

‘This formation of aggregates of the second order, faintly 
indicated in feeble and variable unions like the above, may 
be traced through phases of increasing permanence and de- 
finiteness, as well as increasing extent, In the yeast-plant, 
Fig. %, we have cells which may exist singly, or joined into 
groups of several; and which have their shapes searcely at 
all motlified by their connexion. Among the Desmidiacea, it 
happens in many cases that the two individuals produced by 
division of a parent-individual, part as soon ns they are fully 
formed ; but in other cases, instead of parting they compose 
&@ group of two. Allicd kinds show us how, by subsequent 
fissions of the adherent individuals and their progeny, there 
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result longer groups; and in some species, a continuous thread 
of them is thus produced. Figs, §, 9, 11, exhibit theee 
several stages. Fig. 10 represents a Scenedesmus in which 





the individuation of the group is manifest, Instead of linear 
aggregation, many protophytes illustrate central aggregation ; 
as shown in Figs. 12, 13, 14, 15. Other instances are fur- 
nished by auch forms ns the Gonium pectorale, Fig. 16 (a 
being the front view, and } the edge view), and the Sarcina 
ventriculi, Fig. 1. Further, we have that spherical mode 
of aggregation of which the Volvox globator furnishes a 
familiar instance. 

Thus far, however, the individuality of the secondary ag- 
gregute is fecbly pronounced: not simply in the sense that 
it is small; but also in the sense that the individualities of 
the primary aggregates are very little subordinated. But on 
eecking further, we find transitions towards forms in whieh 
the compound individuality is more dominant, while the 
re more obecured. Obscuration 








simple individualities 
of one kind accompanies more increase of size in the second- 





ary aggregate. In proportion to the greater number of the 
6 their 





morphological units held together in one mass, bece 
relative insignificance as individuals, We see this in the 
irregularly-apreading lichens that form patches on rocks; 
and in such ereeping fungi as grow in films or lamin on 
decaying wood and the bark of trees, In those casos, haw- 
ever, the integration of the component cells is of an almost 
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mechanical kind. The aggregate of them is scarcely more 
individuated than a lump of inorganic matter: as witness the 
way in which the lichen extends its curved edges in this or 
that direction, as the surface favours; or the way in which 
the fungus grows round and imbeds the shoots and leaves 
‘that lie in its way, just as so much plastic clay might do. 
‘Though here, in the augmentation of mass, we sce a progress 
towards the evolution of a higher type, we have as yet none 
‘of that definiteness required to constitute a compound unit, 
or true aggregate of the second order. Another kind 
of obecuration of the morphological units, is brought about 
by their more complete coalescence into the form of some 
structure made by their union, This is well exemplified 
among the Confervoidea and Conjugate. In Fig. 18, there 
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are represented the stages of a growin; ugeotia genuflera, 
in which thie merging of the simple ind junlities into the 
compound individuality, is shown in the history of a single 
plant; and in Figs 19, 20, 21, 22, 23, are represented a 
seriex of species from this group, and that of Cladophora,* in 
which we sce a progressing integration. While, in the lower 
types, the primitive spheroidal forms of the cells are scarcely 
altered, in the higher types tho celle are so fused togethor 
es to constitute cylinders divided by septa. Here, however, 

Ht may be objected that In Cladophora the separate compartments of 
‘the thaling severally contain many nuclei, making it doubtful whether they 
deseeerl from uni-nucleate cella If, howover, thoy do not they simply illus- 
“feate smother form of integration. 
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the indefiniteness fs still great. There are no specific limits 
to the length of any thread thus produced, and there is none 
of that differentiation of parts required to give a decided in 
dividuality to the whole, 

‘To constitute something like a true aggrogate of the second 
order, capable of eerving as a compound unit that may be 
combined with others like itself into still higher aggregates, 
there must exist both mass and definiteness, 


$183. An approach towards plants which unite .these 
characters, may be traced in such forms as Bangia ciliaris, 
Fig. 24. The multiplication of cells hore takes place, not in 
24 a longitudinal direction only, but also in 

a transverse direction; and the transverse 
multiplication being greater towards the 
middle of the frond, there results a differ- 
ence between the middle and the two ex- 
tremities—a character which, in a feeble 
way, unites oll the parts into a whole. 
Even this slight individuation ig, however, 
very indefinitely marked ; since, as shown 
by the figures, the lateral multiplication 
of cells does not go on in a precise manner. 
From some euch type as this there ap- 
pear to arise, through slight differences in 
the modes of growth, two closely-allied 
groups of plants, having individualities 
somewhat more pronounced. Tt, while 
the cells multiply longitudinally, their lateral multiplication 
goes on in one direction only, there results a flat surface, as 
in tho genus UTva (Sea-lettuce) or in the uppor part of the 
thallus of Enteromorpha Linza, Fig, 25; or where the lateral 
multiplication ix less uniform in its rate, in types like 
Fig. 26. But whore the lateral multiplieation occurs in two 
directions transverse to one another, a hollow frond may be 
produced—somotimes irregularly spheroidal, and sometimes 
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ieregularly tubular; ax in Buferomorpha intestinalis, Fig. 27. 
And often, as in Enteromorpha compressa, Fig. 28, and other 





species, this tubular frond becomes branched. Figs. 29 and 
30 are magnified portions of such fronds, showing the 
simple cellular aggregation which allies them with the pre- 
ceding forms. 

In the common Puci of our coasts, other and somewhat 
higher stages of this integration arc displayed. We have 
fronds preserving zomething like constant breadths and 
dividing dichotomously with approximate regularity. Though 
the subdivisions so produced are not to be regarded as 
separate fronds, but only as extensions of one frond, they 
foreshadow a higher degree of composition; and by the com- 
paratively methodic way in which they are united, give to 
the aggregate a more definite, as well as a more complex, in 
dividuality, Many of the higher lichens exhibit an 
analogous advance. While in the lowest lichens, the different 
parts of the thallus are held together only by being all 
attached to the supporting surface, in the higher lichens the 
thallus is so far integrated that it can support itself by 
attachment to such surface at one point only. And then, in 
‘still more developed kinds, we find the thallus assuming o 
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dichotomously-branched form, and so gaining a more specific 
clmenctor ax well ax greater size, 

Where, as in types like these, the morphological units 
show an inherent tendency to arrange themselves in a manner 
which is so far constant as to give characteristic proportions, 
we may gay that there is a recognizable compound individual- 
ity. Considering the Thallophytes which grow in this way 
apart from their kinships, and wholly with reference to their 
morphological composition, we might not inaptly deseribe 
them as pseudo-foliar. 


§ 184. Another mode in which aggregation is 80 carried 
on as to produce a compound individuality of considerable 
definiteness, is variously displayed among other families of 
Alga, When the cells, instead of multiplying longitudinally 
alone, and instead of all multiplying laterally as well as 
longitudinally, multiply laterally only at particular places, 
they produce branched etructures. 

Indications of this mode of aggregation occur among the 
Confervoidec, ax shown in Figs. 22, 23. Though, in some of 
the more developed Alga which exhibit the ramified arrange- 
ment in a higher degree, the component cells are, like those 
of the lower Alga, united together end to end, in such way 
as but little to obscure their separate forms, as in Cladophora 
Hutchinsia, Fig. 31; they novertheless evince greater eub- 
ordination to the whole of which they a i, hy arranging 
themselves more methodically. Still further pronounced 
becomes the compound individuality when, while the com- 
ponent cells of the branches unite completely into jointed 
cylinders, the component celle of the stem form an axis dia- 
tinguished by its relative thickness and complexity. Such 
types of structures are indicated by Figs 32, 33—figures 
representing «mall portions of plants which are quite tree: 
like in their entire outlines. On examining Pigs. 34, 35, 36, 
which show the structures of the stems in these types, it 
will be scen, too, that the component cells in becoming more 
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coherent, have undergone changes of form which obscure 
their individualities more than before. Not only are they 





much elongated, but th 
matic rather than cylindrical. This structure, besides dis~ 
playing integration of the morphological units carried on in 
two directions instead of one; and besides displaying this 
higher integration in the greater merging of the individuali- 
ties of the morphological units in the general individuality; 
also displays it in the more pronounced subordination of the 
branches and branchlets to the main stem. This differentia- 
tion and consolidation of the stem, brings all the secondary 
growths into more marked dependence; and go renders the 
individuality of the aggregate more decided 

We might not inappropriately call this type of structure 
peeud-axial. Tt simulates that of the higher plants in eer- 
tain superficial characters. We sce in it a primary axis along 
which development ‘may continue indefinitely, and from 
Which there bud out, laterally, secondary axes of like nature, 
bearing like tertinry axcs; and this is a mode of growth 
with which Phanogams make us familiar, 


are so compecssed as to be pris- 








$185. Some of the larger Alger supply examples of an 
fhtegration stil! more advanced; not simply inasmuch as 
they unite much greater numbore of morphological units 
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into continuous masses, but also inasmuch as they combine 

the peoudo-foliar structure with the pseud-axial etructure, 

Our own shores furnish an instance of this in the common 

Laminaria; and certain gigantie Laminariacee of the Ant- 

arctic seas, furnish yet better instances. In Necrocystis the 

germ develops a very long slender stem, which eventually 

expands into a large bladder-like or cylindrical air-veaael ; 

and the eurface of this bears numerous leaf-shaped expan- 

sions. Another kind, Lessonia fuscescens, Fig. 37, shows us a 

massive stem growing up through water 

many feet deep—a stem which, bifureating 

as it approaches the surface, flattens out the 

ends of its subdivisions into fronds like 

ribands. ‘These, however, are not true foliar 

appendages, since they are merely expanded 

continuations of the stem, In Egregia 

Ra branches of the thallus not only take the 

form of leaves, but these are differentiated 

into several categories in accordance with a 

division of Inbour, In any of these Lamin- 

ariacea tho whole plant, great as may be its 

size, and made up though it seeme to be of 

Many groups of morphological units, united 

into a compound group by their marked subordination to a 

connecting mass, is nevertheless a single thallus, which is 

added to by intercalary growth at the “ transition-place,” at 

the junction of the stem-like and leaf-like portions. The 
aggregate is still an aggregate of the eecond order, 

But among certain of the highest Alg@, we do find some- 
thing more than this union of the pseud-axial with the 
pseudo-foliar structure. In addition to pseud-axes: of com- 
parative complexity; and in addition to pseudo-folia that 
are like leaves, not only in their general shapes but in hay- 
ing mid-ribe and even veins; there are the beginnings of 
a higher stage of integration. Figs. 38, 39, and 40, show 
some of the steps. In Rhodymenia palmata, Vig. 88, the 
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parent-frond is comparatively irregular in form, and without 
8 mid-rib; and along with this very imperfect integration, 





we see that the secondary fronds growing from the edges are 
distributed very much at random, and are by no means 
in their shapes. A considerable advance is displayed 
by Phyllophora rubens, Fig. 39. Here the frond, primary, 
secondary, or tertiary, betrays some approach towan’g regue 
Jarity in both form and size; by which, as also by its 
partially-leveloped mid-rib, there is established a more 
marked individuality; and at the same time, the growth of 
the secondary fronds no longer occurs anywhere on the edge, 
in the same plane as the parent-frond, but from the surface 
at specific places. Delesseria sanguinea, Fig, 40, illustrates a 
‘much more definite arrangement of the same kind. The 
fronds of this , quite regularly shaped, have their parts 
“deci subordinated to the whole; and from their mid- 
other fronds which are just like them, Each of 
m organized group of those morphological 
h we distinguish a2 aggregates of the first order. 
two or more such aggregates of the second 
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order, well individuated by their forms and structures, are 
united together; and the plant composed of them is thus 
rendered, in so far, an aggregate of the third order. 

Just noting that in certain of tht most-developed Alger, us 
ithe Sargassum, or common gulf-weed, this tertiary degree of 
composition is far more completely displayed, #0 a8 to pro- 
duce among ‘Ihallophytes a type of structure closely simulat- 
ing that of the higher plants, let us now pass to the considera- 
tion of these higher plants. 


§ 186. Having the surface of the soil for a support and the 
air for a medium, terrestrial plants are mechanically circum- 
atanced in a manner widely different from that in which 
aquatic plants are cireumstanced. Instead of being buoyed 
up by a surrounding fluid of specifie gravity equal to their 
own, they have to ereet themselves into a rare fluid whieh 
yields no appreciable support. Further, they are dis- 
similarly conditiened in having two sources of nutriment in 
place of one, Unlike the Alger, which derive all the mate- 
rials for’ their tissucs from the water bathing their entire 
surfaces, and use their roots only for attachment, most of the 
plants which cover the Earth’s surface, absorb part of their 
food through their imbedded roots aud part through their 
exposed leaves. These two marked unlikenexses in the rela- 
tioas to surrounding conditions, profoundly affect the respec~ 
tive modes of growth. We must duly bear them in mind 
studying the further advance of composition. 

The class of plants to which we now turn—that of the 
Archegoniata—is nearly related by its lower members to the 
élasses above dealt with: so much so, that some of the inferior 
liverworts are quite licheniform, and are often mistaken for 
lichens. Passing over these, let us recommence our eynthesis 
with such members of the clase as repeat those indications of 
progress towards a higher composition, which we have just ob- 
seryed among the more-developed Alga. ‘The Jungerman= 
niacee furnish us with a series of types, clearly indicating the 
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transition from an aggregate of the second order to an aggre- 
gate of the third order, Figs, 41, and 42, indicate the strac- 
ture among the lowest of this group. Here there is but an in- 
complete development of the second order of aggregate. ‘The 





frond grows as irregularly as the thallus of a lichen: it is in- 
definite in size and outline, spreading hither or thither as 
the conditions favour. Morvover, it lacks the differentiations 
required to eubordinate its parte to the whole: it is uniformly 
cellular, having neither mid-rib nor veins; and it pute out 
rootlets indifferently from all parts of its undor-surface, In 
Fig. 43, Pellia epiphylla, we have an advance on this type. 
‘There is here, as shown in the transverse section, Fig. 44, a 
thickening of the frond along its central portion, producing 
something like an approach towards a mid-rib; and from 
this the rootlets are chiefly given off, The outline, too, is 
meh less irregular; whence resnlte greater distinctness of 
the individuality. A further step ix displayed in Melzgeria 
furcata, Fig. 45, ‘The frond of this plant, comparatively well 
integrated by the distribution of its substance around a 
decided mid-rib, and by its comparatively-definite outlines, 
produces secondary fronds, ‘There is what iz called prolifer- 
ous growth ; and occnsionally, as shown in Fig. 46, represent- 
ing an enlarged portion, the growth is doubly-proliferous. In 
those cases, however, the tertiary aggregate, so far as it ix 
formed, is but very feebly integrated; and its integration is 
Tat temporary. For not only do these younger fronds that 
bad out from the mid-ribs of older fronds, develop rootlets of 
‘their own; but as coon as they are well grown and adequately 
rooted, they dissolve their connoxions with the parent-fronds, 
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and become quite independent. From these transi- 
tional forms we pass, in the higher Sungermanniaces, to 





forme composed of many fronds that are permanently united 
by a continuous stem. A more-evoloped aggregate of the 
third order is thus produced. But though, along with in- 
creased definitencss in the secondary aggregates, there ix here 
an integration of them so extensive and so regular, that they 
are visibly subordinated to the whole they form; yet the 
subordination is really very incomplete. In some instances, 
as in Radula complanata, Fig. 4%, the leaflets develop roots 
from their under surfaces, just a the primitive frond does; 
and in the majority of the group, as in J. capitata, Fig. 48, 
roots are given off all along the cennecting stem, at the spots 
where the leaflets or frondlets join it: the result being that 
though the connected frondicts form a physical whole, they 
do not form, in any decided manner, a physiological whole; 
since gucceszive portions of the united «cries, carry on their 
functions independently of the rest. nally, the 
most developed members of the group, whether lincally de- 
scended from the less developed or from an early type com- 
mon to the two, present us with tertiary aggregates which are 
physiologically as well as physically integrated.* Not lying 

* Tho great mass of early ancestral types—plant and animal—cunsisting of 
soft tierce, have left no romains whatever, and we have no reason to xuppose 
that those which left remains fell within the dircet ancestral jines of any 
existing forms. Contrariwiae, wv have reason to suppose that they fell with= 
in Tines of evolution oat of which the tines ending in exiating forms diverged. 
‘We wuet therefore infor that the difficulties of affiliation which write if we 
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prone like the kinds thus far described, but growing erect, 
the stem and attached leaflets become dependent upon a 
single root or group of roots; and being so prevented from 
earrying on their functions separately, are made members of 
a compound individual: thoro arises a definitely-established 
aggregate of the third degree of composition, 

‘The facts us arranged in the above order are suggestive. 
Minute aggregates, or cells, the grouping of which we traced 
in $182, showed us analogons phases of indefinite union, 
which appeared to load the way towards definite union. We 
eee here among compound aggregates, as we saw there 
among simple aggregates, the establishment of a specific 
form, and a size that falls within moderate limits of yaria- 
tion. ‘This passage from less definite extension to more 
definite extension, seems in the one case, as the other, to bo 
eccompanied by the result, that growth exceeding a certain 
rate, ends in the formation of a now aggregate, rather than 
‘an enlargement of the old. And on the higher stage, as on 
the lower, this process, irregularly carried out in the simpler 
types, produces in them unions that are but temporary; while 
in the more-developed types, it proceeds in a systematic way, 
and ends in the production of a permanent aggregate that is 
doubly compound, 
contemplate divergent types now existing, would not arise if we had before 
us all the early intermediate types. ‘The Mammalia differ in sundry rospocts 
from all other kiods of Vortebrats—Fishes, Reptile and if the 
absence of air, mamysie, and two ocxipital condyles, in these other vertes 
‘beaten were taken to imply a fundamental distinction, it might, in the absence 
‘of any Known fossil links, bo inforred that tho Mammalia belonged to a sepa 
rate phylum. But these differcaces are not held to negative the assumed 
relationship. Similarly among plants. Woe mnst not reject an hypothosia 
respecting a certain supposed type, because th: mmuat have 
bret akin to present traits which it could vot have had. We are justified in 
ssauselog, within limita, a hypothetical type, unlikeo existing types in traits of 
some ikwportanco. Hence rosults the answer to » criticism passed on the 
above anjument, that it implies relations between the undeveloped and devel- 
‘sped forms ot the Jungermanniaceer such ns the facts do not show ws. This 
‘ebjpetion fe met on remembering that the types in which the supposed transi 
‘iow touk place disappeared myriads of years apa, 
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Must we then conclude that as cells, or morphological 
units, are integrated into a unit of a higher order, which we 
call a thallus or frond; so, by the integration of fronds, there 
is evolved a structure such as the above-delineated species 
possess? Whether this is the interpretation to be given of 
these plants, we shall best see when considering whether it is 
the interpretation to be given of plants which rank above 
them. ‘Thus far we have dealt only with the Cryptogamia. 
We have now to deal with the Phanerogamia or Phenogamia, 





CHAPTER TIT. 


THR MORPHOLOGICAL COMPOSITION OF PLANTS, 
CONTINURD, 


$187. Tar advanced composition arrived at in the 
Archegoniala, is carried still further in the Flowering Plants. 
Tn these most-clevated vegetal forms, aggregation of the third 
order ix always distinctly displayed; and aggregates of the 
fourth, fifth, sixth, &c., orders are very common, 

Our inquiry into the morphology of these flowering plants, 
muty be advantageously commenced by studying the develop- 
ment of simple leaves into compound leaves, It is easy to 
trace the transition, as well as the conditions under which it 
cours; and tracing it will prepare us for understanding 
how, and when, metamorphoves still greater in degree take 


place. 













§ 188. If we examine a branch of the common bramble, 
when in flower or afterwards, we shall not unfrequently find 
simple or undivided leaf, at the insertion of one of the 
Tateral flower-bearing axes, composing the terminal cluster 
of flowers, Sometimes this loaf ix partially lobed ; sometimes 
cleft into three small leaflets. Lower down on the shoot, if 
it be a lateral one, occur larger leaves, composed of three 
leaflets; and in some of theac, two of the leafleta may be 
Tobed moro or less deeply. On the main stem tho leaves, 
ily still larger, will be found to have five leaflets. Sup- 

the plant to be a well-grown one, it will furnish all 
4 at 
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gradations between the simple, very small leaf, and the lange 
composite leaf, containing sometimes even seven leaflets. 
Figs. 50 to G4, represent leading stages of the transition, 





What determines thiz tranaition? Observation shows that 
the quintuple leaves occur where the materials for growth’ 
are supplied in greatest abundance; that the leaves become 
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Jess und less compound, in proportion to their remotenoss 
from the main currents of sap; and that where an entire 
alsence of divisions or lobes is observed, it is on leaves within 
the flower-bunch ; at the place, that is, where the forces which 
eauee growth are nearly equilibrated by the forees which 
oppose growth; and where, as a consequence, gamogenesia is 
about to be set in (§ 78). Additional evidence that the degree 
‘oof nmtrition determines the degree af composition of the leaf, 
is furnished by the relative sizes of the leaves. Not only, on 
the average, is the quintuple leaf much larger in its total area 
than the triple leaf; but the component leaflets of the one, 
are usually much larger than those of the other. The like 
contrasts are still more marked between triple leaves and 
simple leaves. This connection of decreasing size with de- 
‘ereasing composition, is conspicuous in the series of figures: 
the differences shown being not nearly so great as may be 
frequently observed. Confirmation may be drawn from the 
fact that when the leading shoot is broken or arrested in ite 
growth, tho shoots it gives off (provided they are given off 
after the injury), and into which its checked currents of sap 
are thrown, produce leaves of five leaflets where ordinarily 
eaves of three Ieaflets occur. Of course incidental cireum- 
stances, as variations in the amounts of sunshine, or of rain, 
or of matter supplied to the roots, are ever producing changes 
in the state of the plant as a whole; and by thus affecting 
the nutrition of its leaf-bnds at the times of their formation, 
equse irregularities in the relations of size and composition 
above described. But taking these eauses into account, it is 
abandantly manifest that a leaf-bud of the bramble will 
develop into a simple leaf or into a leaf compounded in 
different degrees, according to the quantity of assimilable 
matter brought to it at the time when the rudiments of its 
strueture are being fixed. And on studying the habits of 
other planis—on observing how unnuals that have compound 
eaves teually bear simple leaves at the outset, when the 
Asimilating surface is but small; and how, when compound- 
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Ieaved plants in full growth bear simple Ieaves in the midst 
of compound ones, the relative smallness of such simple 
leaves shows that the buds from which they arose were ill- 
supplied with sap; it will cease to be doubted that a foliar 
organ may be metamorphosed into a group of foliar organs, 
if furnished, at the right time, with a quantity of matter 
greater than can be readily organized round a single centre of 
growth. An examination of the transitions through which a 
compound leaf pases into a doubly-compound leaf, as seen 
in the varions intermediate forms of leaflets in Fig. 65, will 
further enforce this conclusion, 





Here we may advantageously note, too, how in such cases 
the leaf-stalk undergoes concomitant changes of structure, 
In the bramble-loaves above described, it becomes compound 
simultaneously with the leaf—the veins become mid-ribs while 
the mid-ribe become petioles. Moreover, the secondary stalks, 
and still more the main stalks, bear thorns similar in their 
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shapes, cud approaching in their sizes, to those on the stem; 
besides simulating the stem in colour and texture. In the 
petioles of large compound leaves, like those of the eom- 
mon Heracloum, we see still more distinctly both internal 
and external approximations in character to axes. Nor are 
there wanting planta whose large, though simple, leaves, are 
‘held out far from the stems by foot-2talke that are, near the 
ends, sometimes go like axes that the transverse sections of 
the two are indistinguishable; as instance the Calla palustris, 

One other fact respecting the modifications which leaves 
undergo, should be set down. Not only may leaf-stalks 
assume to a great degree the characters of stems, when they 
have to discharge the functions of stems, by eupporting many 
Jeaves or very large leaves; but they may assume the charac- 
ters of leaves, when they have to undertake the functions 
of leaves. The Australian Acacias furnish a remarkable 
illustration of this. Acacias elsewhere found bear pinnate 
leaves; but the majority of those found in Australia bear 
what appear to be simple leaves. It turns out, however, that 
these are merely leaf-stalks flattencd out into foliar shapes: 
the laminm of the leaves being undeveloped, And the proof 
is that in young plants, showing thoir kinships by their 
embryonic characters, these leaf-like petioles bear true lenflets 
at their ends. A metamorphosis of like kind occurs in Oxalix 
bupleurifolia, Fig. 66. The fact most deserving of notice, 
however, is that these leaf- 
stalks, in usurping the gon- 66 () 
eral aspects and functions ——$———— < 
of leaf-blades, have, to some \ 
extent, also usurped their 
sructures: though their venation is not like that of the leaf- 
Blades they replace, yet they have veins, and in some cases 
mid-ribs. 

Reduced to their most general expression, the truths above 
shadowed forth are these:—That group of morphological 
nits, oF cells, which we see integrated into the compound 
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unit called a leaf, has, in each higher plant, a typical form, 
due to the special arrangement of these cells around a mii 
rib and veins. If the multiplication of morphological units, 
at the time when the leaf-bud is taking on its main outlines, 
exceeds a certain limit, these units begin to arrange them- 
selves round secondary centres, or lines of growth, in such 
ways as to repeat, in part or wholly, the typical form: the 
larger veins become transformed into imperfect mid-ribs of 
partially independent leaves; or into complete mid-ribs of 
quite separate leaves, And as there gocs on this transition 
from a singlo aggregate of cells to a group of such aggregates, 
there simultaneously arises, by similarly insensible steps, a 
distinet structure which supports the several aggregates thus 
produced, and unites them into a compound aggregate. ‘These 
phenomena should be carefully studied; since they give us a 
key to more involved phenomena.* 








§ 189. Thus far we have dealt with leaves ordinarily so 
called: briefly indieating the homologies between the parts 
of the simple and the compound, Let us now turn to the 
homologies among foliar orguns in general. These have been 


* Thore is much fores in the criticism passed on the above paragraph, and 
‘by implication on some preceding paragraphs, that though in plants which 
tend to produce compound leaves the production is Iargely dependent on the 
supply of nutriment, yet the unqualified vtatemont of this relation a# x gon. 


eral ane, is negatived by the oxistence of plants which bear only simple 
Teavos, however mach high nutrition enueex growth, But mostly valid. though 
this objection is, it is probably not univorsally valid, Tam tod to may this by 
what occasionally occurs in flowers, The flowering stem of the Hyacinth ix 
single; but T Lave aeea.n cultivated Hyacinth in which one of the flowers 
had developed into x lateral spike, Sti ing, evidence wae once 
supplied to mo by Agrimony. All samples of thi# plant previously veon had 
alngle flowering spikes, tat some yenrs ago T mot with one, oxtremely Ivanri- 
‘nt, in which some flowers of the primitive spike wore replaced by lateral 
spikes; and E am not sure that some of those, again, did not beer Iaterat 
spikes. Now if in plants whict, in probably millions of euses, have their 
floworing atoms singlo, excessive natrition changes certain of thelr flowers Intn 
now spikes, i ia reasonable supposition that in like manner plants which 






fare thougbt Invariably to bear only single Ieaves, will, under kindred 
tions, bear compound leaves, 
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made familiar to readers of natural history by popularized 
outlines of The Metamorphosis of Plants—a title, by the 
way, which is far too extensive; since the phenomena treated 
of under it, form but a small portion of those it properly 
includes. 

Passing over certain vague anticipations which have been 
quoted from ancient writers, and noting only that some 
clearer recognitions were reached by Joachim Jung, a Ham- 
bung professor, in the middle of the 17th century; we come 
to the Theoria Generationis, which Wolff published in 1759, 
and in which he gives definite forms to the conceptions that 
have since become current, Specifying the views of Wolff, 
Dr. Masters writes:—" After speaking of the homologous 
nature of the leaves, the sepals and petals, an homology 
consequent on their similarity of structure and identity of 
origin, he goes on to state that the ‘pericarp is manifestly 
composed of several leaves, ns in the calyx, with this differ- 
ence only, that the leaves which are merely placed in close 
‘contact in the calyx, are here united together’ ; a view which 
he corroborates by referring to the manner in which many 
‘into their leaves.’ The seeds, 
isting of leaves in close combina- 
tion. His reasons for considering the petals and stamens ag 
homologous with leaves, are based upon the same facts as 
‘those which led Linnwus, and, many years afterwards, Goethe, 
fo the same conclusion. ‘In a word, says Wolff, ‘we sce 
nothing in the whole plant, whose parts at first sight differ 
po remarkably from each other, but leaves and stom, to which 
latter the root is referrible’” It appears that Wolff, too, 
enunciated the now-accepted interpretation of compound 
fruits: basing it on the same evidence as that since assigned. 
Tn the essay of Goethe, published y years after, these 
‘relations among the parts of flowering plants were traced out 
‘in greater detail, but not in so radical a way; for Goothe did 
as did Wolff, verify his hypothesis by dissecting buds in 
‘early stages of development. Goethe appears to have 
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arrived at his conclusions independently, But that they 
were original with him, and that he gave a more variously- 
illustrated exposition of them than had been given by Wolff, 
does not entitle him to anything beyond a secondary place, 
among those who have established this important generaliza- 
tion. 

Were it not that these pages may be read by some to 
whom Biology, in all ite divisions, is a new subject of study, it 
would be needless to name the evidence on which this now- 
familiar generalization rests, For the information of such 
it will «uflice to say, that the fundamental kinship existing 
among all the foliar organs of a flowering plant, is shown by 
the transitional forms which may be traced between them, 
and by the occasional assumption of one another's forms. 
“ Floral leaves, or bracts, are frequently only to be distin- 
guished from ordinary leaves by their position at the base of 
the flower; at other times the bracts gradually assume more 
and more of the appearance of the sepals.” The sepals, or 
divisions of the calyx, are not unlike undeveloped leaves: 
sometimes aseuming quite the structure of leaves, In other 
cases, they acquire partially or wholly the colours of the 
petals—as, indeed, the bracts and uppermost stem-leaves 
occasionilly do. Similarly, the petals show their alliances to 
the foliar organs lower down on the axis, and to those higher 
up on the axis. On the one hand, they may develop into 
ordinary leaves that are green and veined; and, on the other 
hand, as 20 commonly seen in double flowers, they may bear 
anthers on their edges All varieties of gradation into 
neighbouring foliar organs may be witnessed in stamens. 
Flattened and tinted in various degrees, they pass insensibly 
into petals, and through them prove their homology with 
leaves; into which, indccd, they are transformed in flowers 
that become wholly foliaceous, ‘The etyle, too, is occasionally 
changed {nto petals or into green leaflets; and eyen the 
ovules are now and then seen to take on leaf-like 
Thus we have clear evidence that in Phan 
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appendages of the axis are homologues: they are all modified 
eaves. 


Wolf established, and Goethe further illustrated, another 
general law of structure in flowering plants, Each leaf 
commonly contains in its axil a bud, similar in structure to 
the terminal bud. This axillary bud may remain unde- 
veloped; or it may develop into a fateral shoot like the 
main shoot; or it may develop into a flower, If a shoot 
bearing lateral flowers be examined, it will be found that the 
internoile, or space which separates cach leaf with its axillary 
flower from the leaf and axillary flower above it, becomes 
gradually less towards the upper end of the shoot. In some 
Plants, us in the fox-glove, the internodes constitute a 
regularly-diminishing series. In other plants, the series they 
form suddenly begins to diminish so rapidly, as to bring the 
flowers into a short spike: instance the common orchis. And 
again, by still more sudden dwarfing of the internodes, the 
flowers are brought into a cluster; as they are in the cow- 
On contemplating a clover flower, in which this 
lustering has been carried so far aa to produce a com- 
pact head; and on considering what must happen if, by a 
farther arrest of axial development, the foot-stalks of the 
Mlorets disappear; it will be seen that there must result a 
crowd of flowers, seated close together on the end of the axis. 
And if, at the same time, the internodes of the upper «tem- 
eaves also remain undeveloped, these stem-leaves will be 
grouped into a common involucro: we shall have a composite 
flower, such as the thistle. Ience, to modifications in the 
of foliar organs, have to be added modifications 
im the developments of axial organs. Comparisons disclose 

the gradations through which axes, like their appendages, 
_ pass into all varieties of size, proportion, and structure, And 
| that the occurrence of these two kinds of metamor- 
all conceivable degrees and combinations, furnishes 
proximate interpretation of morphological com- 
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I say a proximate interpretation, because there remain to 
be solved certain deeper problems; one of which at once 
presents itself to be dealt with under the present head. 
Teayes, petals, stamens, &e., being shown to be homologous 
foliar organs; and the part to which they are attached, 
proving to be an indefinitely-cxtended axis of growth, or 
axial organ; we are met by the questions,—What is a foliar 
organ? and What is an axial organ? The morphological com- 
position of a Phenogam is undetermined, so long as we can~ 
not say to what lower structures leaves and shoots are homo- 
Togous; and how this integration of them originates. ‘To 
these questions let us now address ourselves, 


§ 190-1, Already, in § 78, reference has been made to the 
oceasional development of foliar organs into axial organs: 
the special case there described being that of a fox-glove, in 
which some of the sepals were replaced by flower-buds. 
The observation of these and some analogous monstrosities, 
raising the suspicion that the distinction between foliar 
organs and axial organs is not abeolute, led me to examine 
into the matter; and the result has been the deepening of 
this suspicion into a conviction. Part of the evidence is given 
in Appendix A, 

Some time after having reached this conviction, I found on 
looking into the literature of the subject, that analogous ir- 
regularities had suggested to other observers, beliefe similarly 
at variance with the current morphological creed.  Diffi- 
culties in satisfactorily defining these two clements, have 
served to shake this creed in some minds. ‘To others, the 
strange leaf-like developments which axes undergo in certain 
plants, have afforded reasons for doubting the constancy of 
this distinction which vegetal morphologiats newally draw. 
And those not otherwise rendered geeptical, have been. os 
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ology: | its History and Present Condition,” * whence I have 
‘Dr. Mastors indicates sundry of the grounds 
for thinking that there i no impassable demarcation between 
leaf and stem. Among other difficulties which meet us if we 
assume that the distinction is absolute, one is implied by this 
3 <—“What shall we say to cases such as those 
‘afforded by the leaves of @uarea and J'richilia, where the 
Jeaves after a time assume the condition of branches and de- 
velop young leaflets from their free extremities, a process less 
in some of the pinnate-leaved kinds of Berberis 

‘or Mahonia, to be found in almost every shrubbery?” 

A class of facts on which it will be desirable for us here to 
dwell a moment, before proceeding to deal with the matter 
doduetively, is presented by the Cactacer, In this remark- 
‘able group of plants, deviating in such varied ways from the 
ordinary ic type, we find many highly instructive 
modifications of form and structure. By contemplating the 
changes here displayed within the limits of a single order, 
‘we shall greatly widen our conception of the possibilities of 
metamorphosis in the vegetal kingdom, taken as a whole, 
‘Two different, but eimilarly-significant, traths are illustrated. 
‘First, we are shown how, of these two components of a 
Mowering plant, commonly regarded as primordially distin- 
1 |, one may assume, throughout numerous apecies, the 
functions, and to a great degree the appearance, of the other. 
“Seeond, we are shown how, in the same individual, there 

ly Sccur a re-metamorphosia: the usurped function and 
m@ being maintained in one part of the plant, while 
© part there ix a return to the ordinary appearance 

m. We will consider these two truths sepa- 
Some of the Huphorbiacer, which simulate 
show us the stages through which such abnormal 
Ms are nrrived at. In Luphorbia splendens, the lateral 
ferably swollen at their distal ends, so ns often 
japed: still, however, being covered with bark 


and Foreign Medion Chirurgicat Review for Sonuary, 1862, 
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of the ordinary colour, and still bearing Jeaves, But in 
kindred plants, as Zuphorbia neriifolia, this swelling of the 
lateral axes is carried to a far greater extent; and, at the 
same time, a green colour and a fleshy consistence have been 
acquired: the typical relations nevertheless being still shown 
by the few leaves that grow out of these soft and swollen 
axes, In the Caclacea, which are thus resembled by plants 
not otherwise allied to them, we have indications of a 
parallel transformation. Some kinds, not commonly 

to England, bear leaves; but in the species most familiar to 
us, the leaves are undeveloped and the axes assume their 
functions. Passing over the many varieties of form and 
combination which these green succulent growths display, we 
have to note that in some genera, as in Phyllocactus, they 
become flattened out into foliaceous shapes, having mid-ribs 
and something approaching to veins. So that here, and in 
the genus Bpiphyllum, which has this character still more 
marked, the plant appears to be composed of fleshy leaves 
growing one upon another. And then, in Rhipsalis, the 
same parts are so leaf-like, that an uncritical observer 
would regard them as leaves. ‘These which are axial organs 
in their homologies, have become foliar organs in their 
analogies, When, instead of comparing these 
strangely-modified axcs in different genera of Cactuses, we 
compare them in tho same individual, we meet with transfor- 
mations no less striking. Where a tree-like form is pro- 
duced by the growth of these foliaccous shoots, one on another ; 
and where, as a consequence, the first-formed of them become 
the main stem that acts as support to secondary and tertiary 
stems; they lose their green, succulent character, acquire 
hark, and become woody, In resuming the functions of axes 
they resume the structures of axos, from which they had devi- 
ated. In Fig. 71 are shown some of the leaf-like axes of 
Rhipsalis rhombea in their young stale; while Fig. 72 repre 
sents the oldest portion of the same plant, in which the foli- 
actous characters are quite obliterated, and there has resulted 
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am ordinary stem-structure, One further fact is to 
‘be noted. At the same time that their leaf-like pou 
are lost, the axes also lose 
their separate individuali- 
fies. As they become stem- 
Tike, they also become inte- 
grated ; and they do this so 
effectually that their origi- 
nal points of junction, at 
first 20 strongly marked, are effaced, and a consolidated trunk 
is 





Joined with the facts previously specified, these facts 
help us to conceive how, in the evolution of flowering plants 
in general, the morphological components that were once 
distinct, may become extremely disguised. We may ration- 
ally expect that during so long a course of modification, 
much greater changes of form, and much more decided fusions 
of parte, have taken place. Seeing how, in an individual 
plant, the single leaves pass into compound leaves, by the 
development of their veins into mid-ribs while their petioles 
begin to simulate axes; and seeing that leaves ordinarily 
exhibiting definitely-limited developments, occasionally pro- 
duce other leaves from their edges; we are led to auspect the 
possibility of still greater changes in foliar organs. When, 
farther, we find that within the limits of one natural order, 
petiole: usurp the functions and appearances of leaves, at the 
same time that in other orders, as in Ruscus, lntural axes so 
simulate leaves that their axial nature would by most not be 
suspected, did they not bear flowers on their mid-ribs or 
edges; and when, among Cactuses, we perceive that euch 
motamorphoses and re-metamorphoses take place with great 
facility; owr suspicion that the morphological elements of 
Phwenogams admit of profound transformations, is deepened. 
And then, on discovering how frequent are the monstrosities 
which do not seem satisfactorily explicable without admitting 
‘the development of foliar organs into axial organs; we become 
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ready to entertain the hypothesis that during the evolution 
of the phwnogamie type, the distinction between leaves and 
uxes has arisen hy deyrees. “ 

With our preconceptions loosened by such facts, and 
carrying with us the general idea which such facts suggest, 
Jet us now consider in what way the typical structure of a 
flowering plant may be interpreted, 


$192. To proceed methodically, we must seck a clue to 
the structures of Phanerogams, in the structures of those 
inferior plants that approach to them—Arehegoniate, he 
variou divisions of this class present, along with sundry 
characters which ally them with Thallophytes, other charac- 
ters by which the phwnogamie structure ie shadowed forth. 
While some of the inferior Hepatice or Liverworts, severally 
consist of little more than « thallus-like frond, among the 
higher members of this group, and still more among the 
Mosées and Ferns, we find a distinctly marked stem.* Some 
Archegoniates (or rather Rhizoids) have foliar expansions 
that are Indefinite in their forms; and some have quite 
definitely-shaped leaves. Roots ure possessed by all the 
more developed genera of the class; but there are other 
genera, as Sphagnum, which have no roots. Tere the 
fronds are formed of only a single layer of cells; and 
there a double layer gives them a higher character—a differe 

* Sobloiden, who chooses to rogard as an axia that which Mr, Berkeley, 
with more obvious truth, calls a mid-rib, saye:—* The flat stem of the Liver 
wort protonts many varieties, consisting drequently of ono simplo layor of 
thin-walled cells, or it exhibits in its axis the elements of the ordinary stem," 
This passage exemplifies the wholly gratuitous hypotheses which men will 
sometimes espouke, to escape hypotheses they dislike. Sehleiden, with the 
poritivences charaotoriatic of him, auserts tho primordial distinction between” 
axial orgaon and foliar organk In the bigher Archegoniates he sees an 
undeniable atem, Tn the lower Archoganiates, clearly allied to them by 
‘their fructification, there is no etructure having the remotext rovemblance 
40 a siem, Dut to save his hypothesis, Schleiden calls that “a flat atem,"* 
whieh Ix obviously a structure In which ftom and leaf are mot differ. 
entiated. He is the more to be blamed for this anphilosophical assumption, 
since he ix merciless in his strictures on the unphilosophical assumptions uf 


other botanist. 
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ence exhibited between closely allied genera of one group, the 
Moses. Equally varied are the developments af the foliar- 
organs in their detailed structures; now being without mid- 
ibe or veins; now having mid-ribs but no veins; now having 
both mid-ribe and veins, Nor muat we omit the similarly-sig- 
nifieant circumstance, that whereas in the lower Archegoniates 
the reproductive elements are immersed here and there in the 
thallus-like frond, they are, in the higher orders, seated in 
well-specialized and quite distinct fructifying organs, having 
analogies with the flowers of Phanogams, Thus, many facts 
imply that if the Phanogamic type is to be analyzed at all, 
we must look among the Archegoniates for its morphological 
components, and the manner of their integration. 

Already we have seen among the lower Cryptogamia, how, 
as they became integrated and definitely limited, aggregates 
scquire the habit of budding out other aggregates, on reach- 
ing certain stages of growth, Cells produce other cells 
endogenously or exogenously; and fronde give origin to 
other fronds from their edges or surfaces. We have seen, too, 
that the new aggregates so produced, whether of the first 
order or the second order, may either separate or remain 
connected. Fissiparously-multiplying cells in some cases 
part company, while in other cases they unite into threads or 
Jamin or masses; and fronds originating proliferously from 
other fronds, sometimes when mature disconnect themselves 
from their parents, and sometimes continue attached to them. 
Whether they do or do not part, is clearly determined by 
their nutrition. If the conditions are such (hat they can 
severally thrive better by separating after a certain develop- 
ment ig reached, it will become their habit then to separate; 
since natural selection will favour the propagation of those 
which separate most nearly at that timo. If, convorsely, it 

the species for the cells or fronds to continue longer 
attached, which it can only do if their growths and subse- 
quent powers of multiplication are thereby increased, it must 
happen, through the continual survival of the fittest, that 
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longer attachment will become an established characteristic; 
and, by persistence in this process, permanent attachment 
will result when permanent attachment is advantageous. 
That disunion is really a consequence of relative innutrition, 
and union a consequence of relative nutrition, ix clear 
posteriori, On the one hand, the separation of the new indie 
viduals, whether in germs or as developed aggregates, is a 
dissolving away of the connecting substance; and this implies — 
that the connecting substance has ceased to perform its 
function as a channel of nutriment. On the other hand, 
where, a8 we see among Phwnogams, there is about to take 
place a separation of new individuals in the shape of germs, 
at the point where the nutrition is the lowest, a sudden 
increase of nutrition will cause the impending separation to 
be arrested; and the fructifying elements, reverting towards 
the ordinary form, thereupon develop in connexion with the 
parent, ‘Turning to the Archegoniates, we find among 
them many indications of this transition from discontinuous 
development to continuous development. Thus the Liverworts 
give origin to new plants by cells which they throw off from 
their surfaces; as, indeed, we have seen that much higher 
plants do, “According to Bischoff,” says Schleiden, * both 
the cells of the stem (Jungermannia [now Lophocolea] biden- 
tata) and those of the leaves (J. exsecia) separate themselyos 
as propagative cells from the plant, and isolated cells shoot 
ont and develop while still connected with the parent plant 
into smal! cellular bodies (Metzgeria furcala), which separate 
from the plant, and grow into new planta, as in Mniwm andro- 
gynum among the Mosses,"” Now in the way above explained, 
those propagative cells and proliferous buds, may continue 
developing in connexion with the parent to various degrees 
before separating; or the buds which are about to become 
frnctifying organs may similarly, under increased nutrition, 
develop into young fronds. As Sir W. Hooker says of the 
male froctification in Mefsgeria furcate—* It has the appear- 
ance of being a young shoot or innovation (for in colour 








i. 





‘THE MORPHOLOGICAL COMPOSITION OF PLANTS. 53 


and texture I can perecive no difference) rolled up into 
2 spherical figure.” On finding in this same plant, that 
sometimes the proliferouslyeproduced frond buds out from 
itself another frond before separating from the parent, 
as shown in Fig. 46, it becomes clear 
that this long-continued connexion may 
readily pase into permanent connexion, 
And when we see how, even among Phw- 
nogums, buds may either detach them- 
selves as bulbils, or remain attached and 
become shoots; we can scarcely doubt 
that among inferior planta, loss definite in ” 
their modes of organization, such transi- 
‘tions must continually occur. 

Tet us suppose, then, that Fig. 73 is 
the frond of some primitive Archegoniate, 
similar in general characters to Pellia 
epiphylla, Fig, 435 bearing, like it, the 
fructifying buds on its upper surface, 
‘and having a slightly-marked mid-rib and 
rootlets. And suppose that, as shown, 
@ secondary frond is proliferously pro- 
duced from the mid-rib, and continues 
attached to it. Evidently the ordinary dis- 
continuous development, can thus become 
@ continuous development, only on con- 
dition that there is an adequate supply, 
to the secondary frond, of such materials 
as are furnished by the rootlets: the re- 
maining materials being obtainable by 
iteelf from the air. Hence, that portion of 
the mid-rib lying botwoen the secondary 
frond and the chief rootlets, having its function increased, 
will inerease in bulk. An additional consequence will bo a 
greater concentration of the rvotlets—there will be extra 
growth of those which are most serviceably placed. Observe, 
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next, that tho structure so arising is likely to be main- 
tained, Such a variation implying, as it does, circumstances 
especially favourable to the growth of the plant, will give 
to the plant extra chances of leaving descendants; since 
the area of frond supported by a given area of the soil, 
being greater than in other individuals, there may be a 
greater production of spores, And then, among the more 
numerous descendants thus secured by it, the variation will | 
give advantages to those in which it recurs, Such x mode 

of growth having, in this manner, become established, let 

us ask what is next likely to result. If it becomes the 

habit of the primary frond to bear a secondary frond from its 
mid-rib, this secondary frond, composed of physiological 
units of the same kind, will inherit the habit; and supposing 
that the supply of mineral matters obtained by the rootlets 
suffices for the full development of the secondary frond, there 
is a likelihood that the growth from it of a tertiary frond, 
will become an habitual characteristic of the variety. Along 
with the establishment of such a tertiary frond, as shown in 
Fig. 74, there must arise a further development of mid-rib 
in the primary frond, a8 well as in the secondary frond—a 
development which must bring with it a greater integration 
of the two; while, simultancously, extra growth will take 
place in such of the rootlets as are most directly connected 
with this main channel of circulation, Without further ex- 
planation it will be eeen, on inspecting Figs. 75 and 76, 
that there may in this manner result an integrated series of 
fronds, placed alternately on opposite sides of a connecting 
vascular stracture, That this connecting vascular structure 
will, as shown in the figures, become more distinct from the 
foliar surfaces a2 theee multiply, is no unwarranted assump- 
tion; for we have econ in compound-leaved plants, how, under 
analogous conditions, mid-ribs become developed into sopa- 
rate supporting parts, which ncquire some of the characters 
of axes while assuming their functions. And now 
mark how clearly the structure thus built up by integration 
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of profiferously-growing fronds, corresponds with the struc~ 
ture of the more developed Jungermanniacea. Each of the 
fronds suecessively produced, repeating the characters of its 
parent, will bear roots; and will bear them in homologous 
places, as shown, Further, the united mid-ribs having but 
very little rigidity, will be unable to maintain an erect posi- 
tion, Hence there will result the recumbent, continuously- 
rooted stem, which these types exhibit: an embryo phanogam 
having the weakness of an embryo.* 

A natural concomitant of the mode of growth here de- 
seribed, is that the stem, while it increases longitudinally, 
imereasés scarcely at all transversely: hence the old name 
Acrogens. Clearly the transverse development of a stem is 
the correlative, partly of its function as a channel of circula~ 
tion, and partly of its function as a mechanical support. 
‘That an axis may lift its attached leaves into the air, implies 
thieknest and solidity proportionate to the mass of such 
Jeaves; and an increase of its sap-vessels, also proportionate 
to the mass of stich leaves, is necessitated when the roots are 
‘all at one end and the leaves at the other. But in the 
generality of Acrogens, these conditions, under which arises 
the necessity for transverse growth of the axis, aro absent 
wholly or in groat part. Tho stem habitually creeps below 
the surface, or lies prone upon the surface; and where it 
grows in a vertical or inclined direction, docs this by attach- 
ing itself to a vertical or inclined object. Moreover, throwing 
out rootlets, ns it mostly doca, at intervals throughout ite 
length, it is not callod upon in any considerable degree, to 
transfer nutritive materials from one of its ends to the other. 

To this interpretation \t is objected that “the more developed unger 
‘manniacne™ do wot appear to have arisen from the lower forms of Junger- 
mennivees—that is to say, from such lower forms as aro now existing. ft 
‘may, however, be contended that this fact docs not exclude the intorprotation 
given; since the higher forms may well have been evolved, not from any of 
fesyas we now know, bat from lower forme which have become 
This, Indeed, t the Implication of the crolutianary process as 


ime some early type of 
§ not improbably hold. 

























56 MORPHOLOGICAL DEVELOPMENT, 


Hence this peculiarity which gives their name to the Acrogens, 
now called Archegoniates, is a natural accompaniment of the 
low dogroe of specialization reached in them. And that it is 
an incidental and not a necessary peculiarity, is demonstrated 
by two converse facts. On the one hand, in those higher 
Acrogens which, like the tree-ferns, lift Iarge maseca of 
foliage into the air, there is just as decided a traneverse ox- 
pansion of the axis as in dicotyledonous trees, On the other 
hand, in those Dicotyledons whieh, like the common Dodder, 
gain support and nutriment from the surfaces over which 
they creep, there is no more lateral expansion of the axis 
than is habitual among Acrogens or Archegoniates, Con- 
cluding, as we are thus fully justified in doing, that the 
lateral expansion accompanying longitudinal extension, whieh 
is a general characteristic of Phancrogams as distinguished 
from Archegeniates, is nothing more than a concomitant of 
their usually-vertical growth; * let us now go on to consider 
how vertical growth originates, and what are the structural 
changes it involves. 





. Plants depend for their prosperity mainly on air 
sht: they dwindle where they are smothered, and thrive 
wher they can expand their leaves into freo space and sun- 
shine. Thoso kinds which assume prone positions, conse- 
quently labour under disadvantages in being habitually intor- 
fered with by one another—they are mutually shaded and 


1 am indobted to De. Hookor for pointing out further facts supporting 
this view, In his Flora Antarctica, he describes the genus Lewonia (ace 
Fig. 87), und expectally Z, vata, ax baring « mode of growth simulating that 
‘of the dicotyledonous trees, not only in general form but in internal #truc 
ture. ‘The tall vortical stern thickens as it growa, by the periodical addition 
of layers to its periphery. ‘That even Thallophytes should thus, under 
certain conditions, present 0 transversely-incrousing axis, shows that there 
is nothing abgolutely characterintic of Phauerogama in thelr habit of 
stourthickening, Mr. Tansley gives me further vorification by the state 
mont that "it i wléo now certain that members of the Kyuivetinew hnd 
Tyropodinear, a8 well ns pone Fern which flourished in Carboniferous times, 
‘had secondary thickoning In thelr stems quite comparable to that of modern 
Dicotslodanons trees 
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mutually injured. Such of them, however, as happen, by 
variations in mode of growth, to rise higher than others, 
are more likely to flourish and leave offspring than others, 
‘That is to say, natural selection will favour the more upright- 
growing forms. Individuals with stroctures which lift them 
above the rest, are the fittest for the conditions; and by the 
continual survival of the fittest, such structures must become 
established. There are two cxscntially-different ways in 
which the integrated series of fronds above described, may be 
modified so as to acquire the stiffness needful for maintaining 
arity. We will consider them separately. 

A thin layer of substance gains greatly in power of rsist- 
ing a transverse strain, if it is bent round so as to form a 
tube: witness the difference between the pliability of a sheet 
of paper when outspread, and the rigidity of the same shect 
‘of paper when rolled up. Engincera constantly recognize 
this truth, in devising appliances by which the greatest 
strength shull be obtained at the smallest cost of material ; 
and among organisms, we see that natura) selection habit- 
ually establishes structures conforming to the same principle, 
wherever lightness and stiffness are to be combined. The 
eylindrical bones of mammals and birds, and the hollow 
shafts of feathers, are examples, The lowor plants, too, fur- 
nish cases where the strength {a 
neolful for maintaining an. 
upright position, is acquired 
‘by this rolling up of a flat 
thallus or frond. In Fig. 77 
we have an Alga which ap- 
proaches towards a tubular 
distribution of substance; 
and which has a consequent 
rigidity, Sundry common 
forms of lichen, having the 
thalles folded into a branched tabe, still more decidedly diz- 
play the connexion between this structural arrangement 


ha 
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und this mochunical advantage. And from the particular 
class of plants we are here dealing with—the Ai 

a type is shown in Fig. 78, Riella helicophylla, similarly char- 
acterized by a thin frond that is made stiff enough to stand, 
by an incurving which, though it docs not produce a hollow 
cylinder, produces a kindred form. If, then, as we have 
seen, natural selection or survival of the fittest will favour 
such among these recumbent Archegoniates as are enabled, 
by variations in their structures, to maintain raised postures; 
it will favour the formation of fronds that curve round upon 
themselves, and curve round upon the fronds growing out 
of them. What, now, will be the result should guch a 
modification take place in the group af proliferous fronds 
represented in Fig. 76? Clearly, the result will be a 
structure like that shown in Fig. 79. And if this inrolling 
becomes more complete, a form like Jungermannia cordifolia, 


represented in Fig, 80, will 
be produced. 

When the — successive 
fronds are thus folded round 
so completely that their 

{ ‘opposite edges meet, these 

_ opposite edges will be apt to 

\ unite: not that they will 

| \\ grow together after being. 
79 80 


formed, but that they will 

develop in connexion; or, 
in botanical Ianguage, will become “adnate.” That foliar 
surfaces which, in their embryonic etate, are in close contact, 
‘often join into one, is a familiar fact. It ie habitually so 
with sepals or divisions of the calyx. Tn all campanulate 
flowers it is so with petals. And in some tribes of plants 
it is so with stamens, We are therefore well warranted in 
inferring that, under the conditions above described, the suc- 
cessive fronds or leaflets will, by union of their remote edges, 
first at their points of origin and afterwards higher up, 











THE MORPHOLOGICAL COMPOSITION OF PLANTS. 59 


form sheaths inserted one within another, and including the 
axis. This incurving of the sticcestive fronds, 
ending in the formation of sheaths, may be accompanied by 
different sets of modifications. Supposing Fig. 81 to be a 
transverse section of such type (a being the mid-rib, and 
4 the expansion of an older frond ; while ¢ is a younger frond 
proliferously developed within it), there may begin two di- 
vergent kinds of changes, leading to two contrasted struc~ 
tures. If, while frond continues to grow out of frond, the 
‘series of united mid-ribs continues to be the channel of cireu- 
lation between the uppermost fronds and the roots—if, as a 
consequence, the compound mid-rib, or rudimentary axis, con- 
tinues to increase in size laterally ; there will arise the series 
of transitional forms represented by the transverse sections 
82, 88, 84, 85; ending in the production of a solid axis, 





everywhere wrapped round by the foliar surface of the 
frond, as an outer layer or sheath. But if, on the other 
hand, circumstances favour a form of plant which maintains 
its uprightness at the smallest cost of substance—if the 
Yateular bundles of each succeeding mid-rib, instead of re- 
qaining concentrated, become distributed all round the tube 


— 
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formed by the infolded frond; then the structure eventually 
reached, through the transitional forms 86, 8%, 88, 89, will 
be a hollow cylinder.* And now observe how the 
two structures thus produced, correspond with two kinds of 
Monocotyledons. Fig. 90 represents a spocies of Dendrobium, 
in which we see clearly how each leaf is but a continuation 
of the external layer of a solid axis—a sheath such as would 
result from the infolded edges of a frond becoming adnate; 
and on examining how the sheath of each leaf includes the 
‘one above it, and how the successive sheaths inelude the axis, 
it will be manifest that the relations of parts are just such 
as exist in the united series of fronds shown in Fig. 79—the 
successive nodes answering to the successive points of origin 
of the fronds. Conversely, the stem of a grass, Fig. 91, dis- 





plays just such relations of parts, as would reeult from the de- 
velopment of the type shown in Fig. 79, if instead of the mid- 
ribe thickening into a solid axis, the matter composing them 
became evenly distributed round the foliar surfaces, at the 
sume time that the incurved edges of the foliar surfaces 
united. The arrangements of the tubular axis and its ap- 
~endages, thus resulting, are still more instructive than these 


* Soe note at the end of the chapter, 
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of the solid axis. For while, even more clearly than in the 
Dendrobium, we we at the point 6, a continuity of structure 
between the substance of the axis below the node, and the 
substance of the sheath above the node: we see that this 
sheath, instead of having its edges united as in Dendrobium, 
has them simply overlapping, so as to form an incomplete 
hollow cylinder which may be taken off and unrolled; 
and we eee that were the overlapping edges of this sheath 
‘united all the way from the node a to the node b, it would 
constitute a tubular axis, like that which precedes it or like 
that which it includes. And then,” giving an unexpected 
eonclusiveness to the argument, it turns out that in one 
family of grasses, the overlapping edges of the sheaths do 
unite: thus furnishing us with a demonstration that tubular 
structures are produced by the incurving and joining of 
foliar surfaces; and that 0, hollow axes may be interpreted 
a5 above, without making any assumption unwarranted by 
fact. One further correspondence between the type 
thas ideally constructed, and the monocotyledonous. type, 
must be noted. If, as already pointed out, the transverse 
growth of an axis arisos when the axis comes to be a channel 
of circulation between all the roote at one of its extremities 
and alll the leaves at the other; and if this lateral bulging 
must inerense as fast as the quantity of foliage to be brought 
in communication with the roots increases—especially if such 
foliage has at the same time to be raised high above the 
earth’s surface; what must happen to a plant constructed in 
the manner just described? Tho elder fronds or foliar organs, 
ensheathing the younger ones, as well aa the incipient 
‘axis serving as a bond of union, are at first of such circum- 
ference only as suffices to inclose these undeveloped parts. 
‘What, then, will take place when the inclosed parts grow— 
‘when the axis thickens while it clongates? Evidently the 
tarliett-formed sheaths, not being large enough for tho 
swelling axis, must burst; and evidently each of the later- 
formed sheaths must, in its turn, do the like. ‘There must 
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reenlt a gradual exfoliation of the successive sheaths, like 
that indicated as beginning in the above figure of Dendro- 
bium; which, at a, shows the bud of the undeveloped parts 
just visible above the enwrapping sheatl.s, while at b, and c, 
it shows the older sheaths in process of being split open. 
That is to say, there must result the mode of growth which 
helped to give the name Endogene to this class. 

‘The other way in which an integrated series of fronds 
may acquire the rigidity needful for maintaining an erect 
position, has next to be considered. If the successive fronds 
do not acquire such Vinbit of curling as may be taken ad- 
vantage of by natural selection, so as to produce the requisite 
stiffness; then, the only way in which the requisite stiffness 
appears producible, is by the thickening and hardening of 
the fused series of mid-ribs. The incipient axis will not, in 
this ease, be inclosed by the rolled-up fronds; but will con- 
tinue exposed. Survival of the fittest will favour the genesis 
of a type, in which those portions of the successive mid-tibs 
that enter into the continuous bond, become more bulky than 
the disengaged portions of the mid-ribe: the individuals 
which thrive and have the best chances of leaving offspring, 
being, by the hypothesis, individuals having axes stiff 
enough to raise their foliage above that of their fellows, 
At the same time, under the same influences, there will tend 
to result an elongation of those portions of the mid-ribs, 
which become parts of the incipient axis; seeing that it will 
profit the plant to have its leaves co far removed from one 
another, as to prevent mutual interferences. Hence, from the 
recumbent type there will evolve, by indirect equilibration 
(§ 167), such modifications ax are shown in Figs, 92, 93, 94; 
the first of which is a slight advance on the ideal type 
represented in Vig. 26, arising in the way described; and 
the others of which are actual plante—Haplomitrium Hookeri, 
and Plagiochila decipiens, ‘Thus the higher Archegoniates 
show us how, nlong with an assumption of the upright atti- 
tude, there docs go on, as we see there must go on, a separa- 
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tion of the leaf-producing parts from tho root-producing 
parts; a greater development of that connecting portion of 
the successive fronds, by which they are kept in communica- 
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a 


tion with the roots, nnd raised above the ground; and a con- 
sequent increased differentiation of such connecting portion 
from the parts attached to it. And this lateral bulging of 
the axis, directly or indirectly consequent on its functions as 
&® support and a channel, being here unrestrained by the 
* early-formed fronds folded round it, goos on without the 
Dursting of theso, Hence arises a leading character of what 
is called exogenous growth—a growth which is, however, still 
habitually accompanied by exfoliation, in flasks, of the outer- 
most layers, continually being cracked and split by the accu- 
mulation of layers within them. And now if we ex. 
amine plants of the exogenous typo, we find among them many 
displaying the stages of this metamorphosis. In Fig. 95, is 
shown a form in which the continuity of the axis with the 
mid-rib of the leaf, is manifest—a continuity that is om- 
spicuous in the common thistle. Here the foliar expansion, 
running some distance down the axis, makes the included 
Portion of the axis a part of its mid-rib; just as in the ideal 
fypes above drawn. By the greater growth of the internodes, 
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which are very variable, not only in different plants but m 
the same plant, there resulls a modification like that de- 
lineated in Fig. 96. And then, in such forms as Pig. 97, there 
is shown the arrangement that arises when, by more rapid 
development of the proximal end of the mid-rib, the distal 
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part of the foliar surface is separated from the part which 
embraces the axis: the wings of the mid-rib still serving, 
however, to connect the two portions of the foliar surface. 
Such a eeparation is, a6 pointed out in § 188, an habitual 
occurrence; and in some compound leaves, an actual tearing 
of the inter-venous tissue is caused by extra growth of the 
mid-rib, Modifications like this, and the further one in Fig, 
98, we may expect to be established by survival of the fittest, 
among those plants which produce considerable masses of 
Ieaves; since the development of mid-ribs into footatalke, by 
throwing the leaves further away from the axes, will diminish 
the shading of the leaves, one by another. And then, among 
plants of bushy growth, in which the assimilating surfaces 
become still more Hable to intercept one another's light, 
natural selection will continue to give an advantage to those 
which carry their assimilating surfaces at the ends of the 
petioles, and do not devclop assimilating eurfaces close to the 
axis, where they are most shaded, Whence will result a dis- 
appearance of the stipules and the foliar fringes of the mid- 
ribs; ending in the production of the ordinary stalked leaf, 
Pig. 99, which is characteristic of trees. Meanwhile, the axis 
thickens in proportion to the number of leaves it has to 
carry, and to put in communication with the roots; and so 
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there comes to be a more marked contrast between it and the 
petioles, severally carrying a leaf each.* 


§194. When, in the course of the process above sketched 
out, there has arisen euch community of nutrition among the 
fronds thas integrated into a series, that the younger ones 
are aided by materials which the older ones have elaborated ; 
the younger fronds will begin to show, at earlier and earlier 
periods of development, the structures about to originate 
from them, Abundant nutrition will abbreviate the intervals 
between the successive prolifications; eo that eventually, 
while each frond ie yet imperfectly formed, the rudiment of 
the next will begin to show itsolf. All embryology justifies 
this inference. ‘The analogies it furnishes lead us to expect 
that when this serial arrangement becomes organic, the 
growing part of the series will show the general relations of 
the forthcoming parts, while they are very emall and un- 
specialized, What will in such caso be the appearances they 
assume? We shall have no difficulty in perceiving what 
will be, if we take a form like that shown in Fig. 92, and 
warf its several parts at the same time that we generalize 
them. Figs. 100, 101, 102, and 103, will show the result; 
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and in Fig, 104, which is the bud of a dicotyledon, we see 

how clear is the morphological correspondence: a being the 

rudiment of a foliar organ beginning to take shape; b being 

the almost formless rudiment of the next foliar organ; and 

* Since this paragraph was put in type [this refers to the first edition], 

T bare obserred that in some varletics of Cinerarsa, as probably in other 

stints, 8 sage individual furnishes all these forms of Yeaves—all gradations 

Metween unstipalated Ieaves on long petioles, and leaves that embrace the 

asi. It may be added that the distribution of these various forms |x quite 
fs harmony with the rationale above givon 
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e being the quite-undifferentiated part whence the rudiments 
of subsequent foliar organs are to arise. 

And now we are prepared for entering on a still-remaining 
question respecting the structure of Phanogams—what is the 
origin of axillary buds? As the synthesis at present stands, 
it does not account for these; but on looking a little more 
closely into the matter, we shall find that the axillary buds 
‘are interpretable in the same manner as the terminal buda, 
So to interpret them, however, we must return to that pro- 
cess of proliferous growth with which we set out, for the pur- 
pose of observing some facts not before named. Delesseria 
hypoglorsum, Pig. 105, represents a seaweed of the same genus 
as one outlined in Fig. 40; but of a species in which pro- 
liferous growth is carried much further. Here, not only does 
the primary frond bud out many secondary fronds from its 
mid-rib; but most of the secondary fronds similarly bud out 
several tertiary fronds; and even by some of the tertiary 





fronds, thie prolifieation is repeated. Besides heing shown 

that the budding out of several fronds from one frond, may 

become habitual; we are also shown that it may become a 
* : 
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habit inberited by the fronds so produced, and alo by the 
fronds they produce: the manifestation of the tendency 
being probably limited only by failure of nutrition. ‘That 
under fit conditions an analogous mode of growth will occur 
im fronds of the scrogenic type, like those we set out with, 
is shown by the onse of Metzgeria furcala, Figs. 45, 46, in 
which euch compound prolifieation is partially displayed. 
Let us suppose, then, that the frond a, Fig. 106, produces 
not only a single secondary frond b, but also another such 
secondary frond 0’. Let us suppose, further, that the frond 
6 is in like manner doubly proliferous: producing both ¢ « 
and c’. Lastly, let us suppose that in the second frond b° 
which a produces, as well az in the second frond ¢’ which b 
produces, the doubly-proliferous habit is manifested. If, 
now, this habit grows orgunie—if it becomes, as it naturally 
will become, the characteristic of a plant of luxuriant growth, 
the unfolding parts of which can be fed by the unfolded 
parts; it will happen with each lateral series, as with the 
main series, that ita successive components will begin to 
show themselves at earlier and earlier stages of development. 
And in the sume way that, by dwarfing and generalizing 
the original series, we arrive at a structure like that of the 
terminal bud; by dwarfing and generalizing a lateral series, 
as shown in Figs. 107—110, we arrive at a structure anawer- 
‘ing in nature and position to the axillary bud. 


VAN ANA 


Facts confirming these interpretations are afforded by the 
‘strecture and distribution of bude. The phanogamic axis i) 
primordial form, being on integrated serice of folia; 
development of that part by which these folia are 

at considerable distances from one another, 

afterwards; it is inferable from the general 
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principles of embryology, that in its rudimentary stages, the 
phwnogamie shoot will have its foliar parts more clearly 
marked out than its axial parts. This we see in every bud. 
Every bud consists of the rudiments of leaves packed to- 
gether without any appreciable internodal spaces; and the 
internodal spaces begin to increase with rapidity, only when 
the foliar organs have been considerably developed. More- 
over, Where nutrition falls short, and arrest of development 
takes place—that is, where a flower ix formed—the inter- 
nodes remain undeveloped: the unfolding ceases before 
the later-acquired characters of the phmnogami¢ shoot 
are aesumed. Lastly, az the hypothesis leads us to expect, 
axillary buds make their appearances later than the foliar 
organs which they necompany; and where, as at the ends of 
shoots, these foliar organs show failure of chlorophyll, the 
axillary buds are not produced at all. ‘That these are in- 
ferable traits of structure, will be manifest on inspecting 
Fige. 106—110; and on observing, first, that the doubly- 
proliferous tendency of which the axillary bud is a result, 
implies abundant nutrition; and on observing, next, that the 
original place of secondary prolification, is such that the foliar 
surface on which it occurs, must grow to some extent before 
the bud appears, 

On thus looking at the matter—on contemplating afresh 
the ideal type shown in Fig. 106, and noting how, by the 
conditions of the case, the secondary prolifications must cease 
before that primary prolifieation which produces the main 
axis; we are enabled to reconcile all the phenomena of axil- 
lary gommation, We seo harmony among the several facts— 
firet, that the axillary bud becomes a lateral, leaf-bearing 
axis if there is abundant material for growth; second, that 
its development is arrested, or it becomes a flower-bearing 
axis, if the supply of sap is but moderate; third, that it is 
absent when the nutrition is failing. We are no longer 
committed to the gratuitous assumption that, in the phano- 
gamic type, there must exist an axillary bud to each foliar 
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organ; but we are led to conclude, @ priori, that which we 
find, d posteriori, that axillary buds are as normally absent. 
in flowers as they are normally present lower down the uxis, 
And then, to complete the argument, we are prepared for the 
corollary that axillary prolification may naturally arise evon 
at the ends of axes, should tho failing nutrition which 
causes the dwarfing of the foliar organs to form a flower, be 
suddenly changed into such high nutrition ax to transform 
the components of the flower into appendages that are green, 
if not otherwise leaf-like—a condition under which only, this 
phenomenon is proved to occur. 


§ 195. One more question presents itself, when we con- 
trast the early stages of development in the two classes of 
Phenogams; and a further answer, supplied by the hypo- 
thesis, gives to the hypothesis a further probability. It is 
charucteristic of a monocotyledan, to have a single secd-leaf 
or cotyledon; and it is characteristic of a dicotyledon, to 
have at least two cotyledons, if not more than two. That is 
to xay, the monocotyledonous mode of germination overy- 
where coexists with the endogenous mode of growth; and 
along with the exogenons mode of growth, there always goes 
either a dicotyledonous or polycotyledonous germination, 
Why is this? Such correlations cannot be accidental— 
eannot be meaningless. A true theory of the phmnogamic 
types in their origin and divergence, should account for the 
connexion of these traits, Tot us see whether the foregoing 
theory does this. 

The higher plants, like the higher animals, bequeath to 
their offspring more or leas of nutriment and structure. 
Superior organisms of either kingdom do not, a3 do all 
inferior organisms, cast off their progeny in tho shape of 
minute portions of protoplasm, unorganized and without 
stocks of material for them to organize; but they either 
deposit along with the germs they cast off, certain quantities 
‘of albtiminoid substance to be appropriated by them while they 
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develop themselves, or clee they continue to supply such 
substance while the germs partially develop themselves before 
their detachment. Among plants this constitutes one dis- 
tinction between seeds and spores. Every seed contains a 
store of food to serve the young plant during the first stages 
of its independent life; and usually, too, before the seed is 
detached, the young plant is so far advanced in structure, 
that it bears to the attached stock of nutriment much the 
same relation that the young fish bears to the appended yelk- 
bag at the time of leaving the egg. Sometimes, indeed, the 
development of chlorophyll gives the seed-leaves a bright 
green, while the seed is still contained in the parent- 
pod, ‘This carly organization of the phenogam 
must be supposed rudely to indicate the type out of which 
the phwnogamie type arose. On the foregoing hypothesis, 
the seed-leaves therefore represent the primordial fronds; 
which, indeed, they simulate in their simple, cellular, un- 
veined structures. And the question here to be asked is— 
do the different relations of the parts in young monocotyledons 
and dicotyledons correspond with the different relations of 
the primordial fronds, implied by the endogenous and the 
exogenous modes of growth? We shall find that they do. 
Starting, as before, with the proliferous form shown in 
Fig. 111, it is clear that if the strength required for main- 
taining the vertical attitude, is obtained by the rolling up of 
the fronds, the primary frond will more and more conceal the 
secondary frond within it. At the eame time, the secondary 
frond must continué to be dependent on the first for its nutri- 
tion; and, being produced within the first, must be prevented 
by defective supply of light and air, from ever becoming syn- 
chronous in its development with the first. Hence, this 
infolding which leads to the endogenous mode of growth, 
implics that there must always continue such pre-eminence 
of the first-formod frond or its representative, as to make the 
germination monocotyledonous. Figs. 111 to 115, show the 
transitional forms that would result from the infolding of 
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the fronds. In Fig. 116 (a vertical section of the form repre- 
sented in Fig, 115) are exhibited the relations of the succes- 
sive fronds to cach other, The modified relations that would 
result, if the nutrition of the embryo admitted of anticipatory 
development of the successive fronds, are shown in Fig. 117. 
And how readily the structure may pass into that of the 
monocotyledonous germ, will be seen on inspecting Fig. 118; 


which is a vertical section of an actual monocotyledon at an 
early stago—the incomplete lines at the left of its root, indi- 
eating its connexion with the seed.* Contrariwise, 


* Since these Agures were put on the block, it has ocoarred to me that the 
relations would be still clearer, wore the primary frond represented as not 
taking part in these processor of modification, which have been described ax 
iting Fite to the ercot form; as, indood, the rooting of its under surface 
rill prevent It from doing im any considernble degree. In such case, each of 
the Figs. 111 to 117, should have n horizontal rooted frond at ite base, 
homologous with the proembryo among Acrogens. ‘Thin primary frond 
Weald then more manifestly stand ia the same relation to the rest, ax the 
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where the strength required for maintaining an upright atti- 
tude ie not obtained by the rolling up of the fronds, but by 
the strengthening of the continuous mid-rib, the second 
frond, so far from being les favourably cireumstanced than 
the first, becomes in some respects even more favourably 
cireumstanced : being above the other, it gets a greater share 
of light, and it is leas restricted by surrounding obstacles, 
‘There is nothing, therefore, to prevent it from rapidly gaining 
an equality with the frat. And if we assume, as the truths of 
embryology entitle us to do, an increasing tendency towards 
anticipation in the development of subsequent fronds—if 
we assume that here, as in other cases, structures which were 
originally produced in succession will, if the nutrition allows 
and no mechanical dependence hinders, come to be produced 
simultaneously; there is nothing to prevent the passage 
of the type represented in Pig. 111, into that represented 
in Fig: 122, Or rather, there is everything to facilitate it; 
seeing that natural selection will continually favour the pro- 
duction of a form in which the second frond grows in such 
way as not to shade the first, and in such way as allows the 
axis readily to assume a vertical position. 

Thus, then, is interpretable the universal connexion be- 
tween monocotyledonous germination and endogenons growth ; 
as well as the similarly-universal connexion between exoge- 
nous growth and the development of two or more cotyledons. 
That it explains these fundamental relations, adde very 
greatly to the probability of the hypothesis. 





§ 196. While we are in this manner enablod to discern 
the kinship that exists between the higher vegetal types 
themselves, as well ax between them and the lower types; we 
eviyledon does to the plumule—both hy posltio#, and as» supplier of nutri 
ment, Fig. 1174, which 1 am enabled to add, ahows that thit would come 
plete the fntorpretation. OF the dicotyledonous series, It is needful to add no 
further explanation than that the difference in habit of growth, will permit 
‘the second frond to root itself as well as the first; and mo to become an addi- 
tional source of autriment, aimilarly circurmstanced to the first and equal with it, 
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are at the same time supplied with a rationale of those truths 
whieh vegetal morphologists have established. Those homo- 
Jogies which Wolff indicated in their chief outlines and 
Goethe followed out in detail, have a new meaning given to 
them when we regard the phwenogamic axis as having been 
evolved in the way described. Forming the modifled con- 
ception which we are here led to do, respecting the units of 
whieh a flowering plant is composed, we are no longer left 
without an answer to the question—What is an axis? And 
we are helped to understand the naturalness of those cor- 
respondences which the successive members of each shoot 
display. Let us glance at the facts from our present stand- 
point. 

‘The unit of composition of a Phanogam, is such portion of 
a shoot as answers to one of the primordial fronds. This 
portion is neither ane of the foliar appendages nor one of the 
internodes; but it consists of a foliar appendage together 
with the preceding internode, including the axillary bud 
where this is developed. The parts intercepted by the dotted 
lines in Fig. 123, constitute such a segment; and the true 
homology is butween this and any other foliar organ with tho 
portion of the axis below it. And now observe how, when we 
take this for the unit of composition, the metamorphose 
which the phienogamic axis displays, are inferable from known 
Jaws of development. Embryology teaches us that arrest 
of development shows itself first in the absence of those parts 
that have arisen latest in the course of evolution; that if 
dofect of nutrition causes an earlier arrest, parts that are of 
‘more ancient origin abort; and that the part alone produced 
when the supply of materials fails near the outset, is the prim- 
cordial part. We must infer, therefore, that in cach seg- 
ment of a Phanogam, the foliar organ, which answers to the 
primordial frond, will be the most constant clement; and 
that the internode and the axillary bud, will be successively 
Toss constant. This we find. Along with a smaller size of 
foliar surface implying lower nutrition, it is usual to sce a 
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moch-diminished internode and a less-pronounced axillary 
bud, as in Fig. 124. On approaching the flower, the 
axillary bud disappears; and the segment is reduced to a 
small foliar surface, with an internode which is in most 
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cases very short if not absent, as in 125 and 126, In the 
flower itself, axillary buds and internodes are both want- 
ing: there remains only a foliar surface (127), which, 
though often larger than the immediately preceding foliar 
surface, shows failing nutrition by absence of chlorophyll. 
And then, in the quite terminal organs of fructification (129), 
we have the foliar part itself reduced to a mere rudiment. 
Though these progressive degenerations are by no means 
regular, being in many cases varied by adaptations to par- 
ticular requirements, yet it cannot, I think, be questioned, 
that the genera) relations are as described, and that they are 
such as the hypothesis leads us to expect, Nor are 
we without a kindred explanation of certain remaining traits 
of foliar organs in thoir least-developed forma. Petals, 
stamens, pistils, &c., besides reminding us of the primordial 
fronds by their diminished sizes, and by the want of those 
several supplementary parts which the preceding segments 
possess, also remind us of them hy their histological charae- 
ters: they consist of simple cellular tissue, scarcely at all 
differentiated. The fructifying cells, too, which here make 
their appearance, are borne in ways like those in which the 
Tower Acrogens bear them—at the edge of the frond, or at 
the end of a peduncle, or immersed in the general substance ; 
as in Figs. 128 and 129. Nay, it might even be suid that 
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the colours assumed by these terminal folia, call to mind the 
plants out of which we conclude that Phanogams have been 
evolved ; for it is said of the fronds of the Jungermanniacea, 
that, “though under certain circumstances of a pure green, 
they are inclined to be shaded with red, parple, chocolate, or 
other tints.” 

As thus understood, then, the homologics among the parts 
of the phanogamic axis are interpretable, not as due to a 
needless adhesion to some typical form or fulfilment of a pre- 
determined plan; but as the inevitable consequences of the 
mode in which the phenogamic axis originates. 


$197. And now it remains only to observe, in confirma- 
tion of the foregoing synthesis, that it at once explains for us 
various irregularities. When we see leaves sometimes pro- 
ducing leaflets from their edgos or extremities, we recognize 
in the anomaly a resumption of an original mode of growth: 
fronds frequently do this. When we learn that a flowering 
plant, as the Drosera intermedia, has been known to develop 
# young plant from the surface of one of its leaves, we are at 
nee reminded of the proliferous growths and fructifying 
organs in the Liverworts. The occasional production of bul- 
bile by Phanogams, ceases to be so surprising when we find 
it to be hubitual among the inferior Acrogens, and when we 
see that it is but a repetition, on a higher stage, of that self- 
detachment which is common among proliferously-produced 
fronds. Nor are we any longer without a golution of that 
transformation of foliar organs into axial organs, which not 
‘uncommonly takes place. How this last irregularity of de- 
velopment is to he accounted for, we will here pause a moment 
to consider. Let us first glance at our data, 

‘The form of every organism, we have seen, must depend 
on the structures of its physiological [or constitutional] 
units. Any group of such units will tend to arrange itself 
into the complete organism, if uncontrolled and placed in fit 
conditions. Henco the development of fertilized gorms ; and 
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hence the development of those self-detached cells which 
characterize some plants. Conversely, physiological units 
which form a small group involved in a larger group, and are 
subject to all the forces of the larger group, will become sub- 
ordinate in their structural arrangemente to the larger group 
—will be co-ordinated into a part of the major whole, in- 
stead of co-ordinating themselves into a minor whole. This 
antithesis will be clearly understood on remembering how, 
on the one hand, a small detached part of a hydra soon 
moulds itself into the shape of an entire hydra; and how, 
on the other hand, the cellular mas that buds out in place 
of a lobster’s lost claw, gradually assumes the form of a claw 
—has its parts so moulded as to complete the structure of 
the organism: a result which we cannot but aseribe to the 
forces which the rest of the organism exerts upon it, Con- 
sequently, among plants, we may expect that whether any 
portion of protoplaem moulds iteelf into the typical form 
around an axis of its own, or is moulded into a part eubor- 
dinate to another axis, will depend on the relative mass of 
ite physiological units—the accumulation of them that has 
taken place before the assumption of any structural arrange- 
ment. A few illustrations will make clear the validity of 
this inference. In the compound leaf, Fig. 65, the several 
lateral growths a, b, c, d, are manifestly homologous; and 
on comparing a number of such leaves together, it will be 
geen that one of these lateral growths may assume any de- 
gree of complexity, according to the degree of its nutrition. 
Every fern-leaf exemplifies the same general truth still bet- 
ter. Whether each sub-frond remains an undeveloped wing 
of the main frond, or whether it organizes itself into a group 
of frondlets borne by a secondary rib, or whether, going 
further, as it often docs, it gives rise to tertiary ribs bear- 
ing fronflets, is determined by the supply of materials for 
growth; since such higher developments are most marked 
at points where the nutrition is greatest; namely, next the 
stem, But the clearest evidence is afforded among the Alga, 
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which, not drawing nutriment from roots, have their parts 
mach less mutually dependent; and are therefore capable of 
showing more clearly, how any part may remain an append- 
age or may become the parent of append- 
ages, according to circumstances. In the 
annexed Fig. 130, representing a branch of 
Piilota plumoss, we sve how a wing grows 
Into a wing-bearing branch if its nutrition 
passes a certain point. This form, so strik- 
ingly like that of the feathery crystallizations se 
of many inorganic substances, ies that, 
as in such erystallizations, the simplicity 
or complexity of structure at any place 
depends on the quantity of matter that hax to 
be arranged at that place in a given time. 
Henee, then, we are not without an interpretation of those 
orerdevelopments which the phenogamic axis occasionally 
undergocs. Fig. 104, represents the phanogamic bud in ite 
rudimentary state. The lateral process b, which ordinarily 
becomes a foliar appendage, differs very little from the 
terminal process ¢, which is to become an axis—differs 
mainly in having, at thie period when its form is being 
determined, a smaller bulk. 11 while thus undifferentiated, 
its nutrition remains inferior to that of the terminal process, 
it becomes moulded into a part that is subordinate to the 
general axis, But if, as sometimes happens, there is suppliod 
to it such an abundance of the materials needful for growth, 
that it becomes as large as the terminal process; then we 
* Hew the element of tivie moditics the rorutt, is chown by the familiar 
fret thet crystals rapidly formed are small, and become relat large when 
Jeft to form more slowly, If the quantity of molecules contained in a solution 
Is relatively grost, to that the mutual polarities of tho molecules crowded 
fegether iu every place throughout the olution aro intense, there arlecs a 
‘aggregation around local axe; wherons, in proportion as the Toeal 
‘setie8 of molecules on one another in rendered lees intense by their wider 
dizpersion, they become relatively more subordinate ty the forces exerted on 
them by the larger agrrepates of molecules that are st greater distances, and 
thas are lett to arrange thereelvos round fower axes into lurger orystols, 
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may naturally expect it to begin moulding itself round an 
axis of its own: a foliar organ will be replaced by an axial 
organ. And this reeult will be cspecially liable to occur, 
when the growth of the axis has been previously undergoing 
that arrest which lends to the formation of a flower; that is 
when, from defect of materials, the terminal process haa 
almost ceased to increase, and when some concurrence of 
favourable causes brings a sudden access of sap which reaches 
‘the Iuteral processes before it reaches the terminal process.* 


$198, The general conclusion to which these various lines 
of evidence converge, is, then, that the shoot of a flowering 
plant is an aggregate of the third degree of composition. 
Taking a8 aggregates of the firat order, those small portions 
of protoplasm which ordinarily assume the forms under 
which they are known as cells; and considering ns aggregates 
of the second order, those assemblages of such cells which, 
in the lower cryptogams, compose the various kinds of thal- 
Jus; then that structure, common to the higher eryptogams 
and to phornogams, in which we find a series of such groups 
of cells bound up into a continuous whole, must be regarded 
ag an aggregate of the third order. The inference drawn 
from analysis, and verified hy a synthesis which corresponds 
in a remarkable manner with the facts, is that those com- 
pound parts which, in Monocotyledons and Dicotyledons are 
called axes, have really arisen by integration of such simple 
parte ag in lower plants are called fronds, Here, on a higher 


* It ie objected that thovo (eunaformations should be much commoner than 
they are, were they caused solely by the variations of nutrition described, 
‘The reply is that they are comparatively rare in uncultivated plants, whero 
such variations are not frequent, ‘The occurrence of them ix chiefly among 
cultivated plaots which, being artificially manurod, aro specially Tiable to 
Timmense accessions of nutriment, cansed now by sudden supplies of fertilizing 
matters, and now by sudden arrival of the roote at such mattere already 
deposited in the oil, It is to these great changer of nutrition, expecially apt 
to take place in gardens, that these monstrosities are ascribed ; and ft seems 
to me that they aro as frequont as may be expected. 


a — = 
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level, appears to have taken place a repetition of the process 
already observed on lower levels. The formation of those 
semall groups of physiological units which compose the lowest 
protophytes, is itself a process of integration; and the con- 
solidation of such groups into definitely-circumscribed and 
coherent cells or morphological units, is a completing of the 

In those coalescences by which many euch cells 
are joined into threads, and dises, and solid or flattened- 
out masses, we see these morphological units aggregating 
into units of a compound kind: the different phases of the 
transition being exemplified by groups of various sizes, 
various degrees of cohesion, and various degrecs of definite- 
nese. And now we find evidences of a like process on a 
larger scale: the compound groups are again compounded. 
Moreover, as before, there are not wanting types of organi- 
zation by which the stages of this higher integration are 
shadowed forth. From fronds that oceasionally produce 
other fronds from their surfaces, we pass to those that 
habitually produce them; from those that do so in an in- 
definite manner, to those that do so in a definite manner; 
and from those that do go singly, to those that do so doubly 
and triply through successive generations of fronds. Even 
within the limits of a sub-class, we find gradations between 
fronds irregularly proliferous, and groups of such fronds 
‘united into a regular series. 

Nor does the process end here. The flowering plant is 
rarely uniaxial—it is nearly always rultiaxial. From its 
primary shoot there grow out secondary shoots of like kind. 
hough occasionally among Phanogams, and frequently 
among the higher Oryptogams, the germs of new axes detach 
themeelves under the form of bulbils, and develop separately 
instead of in connexion with the parent axis; yet in most 

the germ of each new axis maintains its con- 
‘nexion with the parent axis: whence results a group of axes 
an aggregate of the fourth order. Every tree, by the pro- 
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duetion of branch out of branch, shows us this integration 
repeated over and over again; forming an aggregate having a 
degree of composition too complex to be any longer defined. 


{Nore.—A criticism passed on the general argument set 
forth in the foregoing sections, runs as follows:—“T have 
already pointed out that the process of evolution by which 
you believe the Liverworts with a distinct axis and append- 
ages to have been produced from the thalloid forms is not 
founded on sound evidence either in comparative morphology 
or development, But even if we admit that such an inte. 
gration of a proliferonsly-produced colony might have given 
rise to the leafy Jungermanniacea, there ure even more 
weighty objections to the supposition that the same process 
produced the shoot structures of the flowering plants, In the 
first place the flowering plant-body is not homologous with 
the liverwort plant-body, since they represent different genera- 
tions, ‘The liverwort plant-body or gametophyte, ie. the 
generation bearing sexual organs, is homologous with the 
prothallus of ferns and other Pteridophytes, and in the 
Flowering Plants with reduced structures contained within 
the spores (ombryo-sac and pollen-grain) but etill giving rive 
to sexual cella. ‘The liverwort spore-capsule and its accessory 
parts (in fact everything produced from the fertilized egg) is 
homologous with the sporogoniam of the mosses, and, as most 
botanists think, with the leafy plant-body of Pteridophytes 
and Phancrogams. hie genoration is called the sporophyte 
and from the spores which it produces are developed the 
gametophytes of the next generation. These goneralizations 
were first established by Hofmeister, and all subsequent 
work hax tended fo establish them more firmly, The 
only doubtful question is (and the doubt is mainly, I think, 
peculiar to myself, certainly not being shared by the majority 
of botanists) whether the sporophyte of Mosses and Liver- 
forta is really homologous with thet of Pteridophytes and 
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whether it may not rather be regarded as a 
Bara dovelopment along another line of descent from the 


* parshaes wo mist look for the origin of the shoot-structure 
of flowering plants in the sporophytes of the Pteridophytes, 
from which group there is no reason to doubt that the 
phanerogams have arisen in descent. The various groups of 
Pteridophytes vary much in the organization of these shoot- 
systems, as a mental glance at the types exhibited by the 
Ferns, Horse-tails, Club-moxsses, Ophioglossacem, and the iso- 
lated Isoetes will convince you at once. It may be that 
some of these groups are independent in descent, é.c., that the 
Pteridophyta are polyphyletic, and the current hypothesis 
with regard to the phanerogams is that they have arisen by 
two, if not three, separate lines of descent from different 
groups of Pteridophytes (this is indicated in the classificatory 
diagram on p, 317 of vol. I). T should not, however, care to 
pin my faith to these or to any such lines of ancestry. Still 
I think we must look for the ancestors of the Flowering 
Plants among the Pteridophytes, and the latter always 
have 8 good distinction betwoen axis and appendages. The 
problem of the evolution of these differentiated sporophytie 
shoots is undoubtedly the great outstanding problem of 
morphology. Various attempts have been made to solve it, 
of which probably the most important is the theory of Profs. 
Bown and Campbell, who derive the Pteridophytes from some 
Liverwort like Anthoceros, but the sporophyte of course 
from the sporophytie portion of the plant (not much more 
than a spore-capeule), the prothallus of the Fern representing 
the vegetative thallus of Anthoceros. T am not wholly eon- 
¥inced by these undoubtedly ingenious hypotheses, in support 
‘of which an immense amount of facts have been collected ; 
‘Dui my position would, I know, simply ‘ put us to ignorance 
again’ on thie question. 

“T have discussed this at some length in order to bring 
out clearly the immense difficulty of constructing a 


eS ) 
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grounded theory of the origin of the differentiated shoot- 
system of the higher plant. .I confess I don’t think it can 
be done at all with the materials at present at our disposal, 
Of course it is just possible to suppose that come ancestral 
sporophyte had the structure of a proliferous thalloid liver- 
wort gametophyte, and that from it was evolved the phanero- 
gamic shoot in the ways you suggest. This gives us abso- 
Jutely no clue, however, to any Pteridophytic shoot, which 
ought to be intermediate (more or less) between the hypo- 
thetical ancestor and the Phanerogam, and is furthermore, 
as far as I can seo, not supported by an atom of evidence of 
any kind. It is true that your theory fits in well with the 
phenomena exhibited by phanerogamie shoots themselves, 
but this fact you will see must lose much of its significance 
if the hypothesis Incks foundation, 

“With regard to your method of explaining the funda- 
mental charactors of ‘Exogens’ and ‘Endogens,’ this of 
course is part of the same hypothesis; but I may point ont 
that since Von Mohl and Sanio, between 1855 and 1865, 
showed (1) that the growth at the stem apex of a mono- 
cotyledon was nat endogenous, and (2) that the ‘thickening 
ring’ near the apex of a dicotyledon was not to be confused, 
as had been done up till then, with the ring of secondary 
meristem or true cambium, which arose lower down, and only 
in woody or practically woody stem, the terms ‘ Exogen’ and 
“Pndogen? have necessarily fallen into disuse, since they 
imply a false conception of what happens. Both monocotyl- 
edons and dicotyledons have a ‘thickening ring, which 
gives rise to the primary vascular cylinder of the stem. 
Wher the stem is of considerable thickness, as in Palma, &0., 
it grows by the active cell-division of its outer layers, go that 
both classes are ‘exogenous’ in this sense; while the addition 
of a centrifugal zone of secondary wood is confined to certain 
Dicotyledons (Trees, shrubs, &c,). 

“The distinction between the embryos, moreover, is not 
abeoluto, ‘The single cotyledon is usually terminal in mono- 
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cotyledons, but not always (Dioscoracea have lateral cotyl- 
elons), but the plumule may push through it (Grasses) or 
make its exit sideways (Palms), or be formed at the side 
(Alisma) ; and Dicotyledons very similarly. 

“ The occurrence of completely sheathing leaves in grasses 
is perhaps correlated with the absence of cambium, but 
grasses are an aberrant type among monocotyledons, and 
secondary thickening is only found in very few genera of 
this class, so that the correlation is, so to speak, negative and 
indireet. . . . It is clear that the greater part of the dis- 
eassion will have to be re-written.” 

For the reasons assigned in the preface 1 cannot undertake 
to rewrite the discussion, as suggested. It must stand for 
what it is worth. All I ean do is here to include along with 
it the foregoing criticisms. 

I may, however, indicate the line of defence T should take 
were I to go again into the matter. The objections are based 
on the structure of existing Liverworts and Phenogams, But 
T have already referred to the probability—or, indeed, the 
eertainty—that in conformity with the general principle set 
forth in the note to Chapter I, we must conclude that the 
early types of Liverworts out of which the Phenogams are 
supposed to have evolved, as well ax the early types of 
Phenogams in which the stages of evolution were presented, 
no longer exist. We must infer that forms simpler than 
any now known, and more intermediate in their traits, were 
the forms concerned; and if so, it may be held that the 
incongruities with the hypothesis which are presented by 
existing forms, do not negative it. The scepticiam my critic 
himeelf expresses respecting the current interpretation is a 
partial justification of this view. Moreover, his admission 
‘that the theory sct forth “fits in well with the phenomena 
exhibited by phanerogamic shoots,” must, I think, be regarded 
#5 weighty evidence. On the Evolution-hypothesis we are 
‘obliged to suppose that the Monocotyledons and Dicotyledons 
“Peepedtively arose by integration of fronds; and if to the 
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question after what manner the integration took place, there 
is an hypothesis which renders it comprehensible, and agrees 
both with the structures of the two kinds of shoots and the 
structures of the two kinds of seeds, as well as with various 
of the other phenomena the two types present, it has strong 
claims for acceptance. 

Reconsideration suggests the following remarks. 

1, Alternation of generations is a meana of furthering 
multiplication. ‘To be effective ench member of either genera- 
tion must be a self-supporting centre of growth or diffusion 
or both. Honce if, as in the Liverworts, one af the so-called 
alternating generations is not independent, but a permanent 
growth on the other—a parasite—it is a misuse of words 
to call the arrangement Alternation of generations. (Since 
this was written I have found that Sir Edward Fry takes the 
same view. He approvingly quotes Professor Bower, who 
says that “the alternation of generations is not an uecurate 
statement of facts or a useful analogy.”) 

2. The alternating of sexual and non-sexual processes is 
not fundamentally distinctive; for, shown by sundry — 
Archegoniates, it is an inconstant ti and as shown by 
Klebs’ experiments on Vaueheria, the conditions may be 
varied so ag to determine its occurrence or non-occurrence. 
Nay, the same individual may reproduce in either way. 

3. Still more significant is the fact that in some of the 
marine Thallophytes, there is a process like that which in a 
mose or a fern is considered an alternation of generations, 
whereas in others, as the Brown Wrack (/ucus), each genera- 
tion is sexual. Thus the presence or absence of this mode of 
genesis cannot be a cardinal distinetion. 

4. With these facts before us, it is not only a reasonable 
supposition but a highly probable supposition, that there have 
existed plants of the Liverwort type in which the ao-ealled 
alternation of generations did not take place. If so, nearly all 
the foregoing objections to my hypothesis fall to the ground.] 











CHAPTER IV. 
TIE MORPHOLOGICAL COMPOSITION OF ANIMALS. 


§ 199. Waar was said in § 180, respecting the ultimate 
structure of organisms, holds more manifestly of animals 
than of plants. That throughout the vegetal kingdom the 
cell is the morphological unit, is a proposition admitting of a 
better defence, than the proposition that the cell is the mor- 
phological unit throughout the animal kingdom. The quali- 
fications with which, as we saw, the cell-doctrine must be 
taken, are qualifications thrust upon us more especially by 
the fucts which zoologists have brought to light. It is among 
the Protozoa that there occur numerous cases of vital activity 
displayed by specks of protoplasm; and from the minute 
anatomy of al! creatures above these, are drawn the numer- 
‘ous proofs that non-cellular tissues may arise by direct meta- 
morphosis of mixed colloidal substances.* 


Since this paragraph was published in 1865, much hay been learned con- 
cerning cell-acructure, as is shown in Chaptor VI+ of Part I. While some 
‘amert tat there exist portions of living protoplasm without nuclel, others 
‘arsert that a nuclous is in every case prosent, and that where It does not exivt 
In & definite ageregated form it exists in a dispersed form. As remarked in 
th chapter namod, "the oridence is somowhat trained to justify this dogma,” 
‘Woeds sre wken In their non-natural aonses, if one which connotes an indi- 
‘vitealized body is applied to the widely-diffused components of such » body; 
‘eed thie porrerting of proper meanings leads to obscuration of what may 
porbaje be an essential truth. As argued in the chapter named (3% 744, 747), 
nuclear matter fs, as shown by its chemical character, an extremely unstable 
wubetande, the molecular changes of which, perpetually going on, initiate 

se 8 
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Our survey of morphological composition throughout the 
animal kingdom, must therefore begin with those undiffer- 
entiated aggregates of physiological units [or constitutional 
units], out of which are formed what we call, with consider- 
able license, morphological units. 


$200. In that division of the Protozoa distinguished as 
Rhizopoda, are presented, under various modifications, these 
minute portions of living organic matter, go little differenti- 
ated, if not positively undifferentiated, that animal individu- 
ality can scarcely be claimed for them, Figs, 191, 132, and 
133, represent certain nearly-allied types of these—Amaba, 





Aotinophrys, und Lieberkiihnia. ‘The viscid jelly or sarcode, 
‘comparable in ite physical properties to white of ogg, out of 
which one of these creatures is mainly formed, shows us in 
various ways, the feebleness with which the component 
physiological units are integrated—shows us this by its very 
slight cohesion, by the extreme indefiniteness and mutability 
of its form, and by the absence of a limiting membrane, 
Tt is no longer held even by unqualifiod adherents of the 
cell-doctrine that the Amaba haz an investment. Ite outer 
surface, compared to the film which forms on the surface of 
paste, does not prevent the taking of solid particles into the 
mass of the body, and docs not, in such kindred forms as 
Fig. 133, prevent the pseudopodia from coalescing when they 
meet. Hence it cannot properly have the name of a coll-wall. 
A considerable portion of the body, however, in Diflugia, 
hooks, producing changes all around, fa the earlivr stages of cellevolution 
‘this unstable substance is dispersed throughout the cytoplaam; whereas in 
tho more advanced stagos it is gathered together in one mass. If 80, Instead 


‘of saying there is a dinyersed nucleus we shoukd say there are the materials 
‘of a nuclous not yet Integrated, 
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Fig. 134, bus a denser coating formed of agglutinated foreign 
particles; so that the protrusion of the pseudopodia is limited 
to one part of it. And in the solitary Foraminifera, like 
Gromiéa, the sarcode ig covered over most of its eurface by a 
delicate culeareous shell, pierced with minute holes, through 
which the slender pseudopodia are thrust. The 
Gregarina exhibits an advance in integration, and a conse- 
quent grester definiteness, Figs, 135 and 136, exemplifying 
thie type, show the complete membrane in which the sub- 
stance of the creature is contained. Here there has arisen 
what may be properly called a cell: under its solitary form 
this animal ix traly unicellular. Its embryology has eon- 
siderable significance. After passing through a certain qui- 
escent, “encysted ” state, its interior breaks up into small 
portions, which, after their exit, assume forma like that of 
the Ameba; and from this young condition in which they 
are undifferentiated, they pass into that adult condition in 
which they have limiting membranes. If this development 
of the individual Gregarina typifies the mode of evolution of 
the species, it yields further support to the belief, that frag- 
ments of*earcode existed carlicr than any of the stracturcs 
which are called cells. Among aggregates of the firet 
onler, there are gome much more highly developed. These 
are the Infusoria, constituting the most numerous of the 
Protozoa, in species us in individuals. Figs. 137, 158, and 
139, are examples. In them we find, along with greater 
definitencss, a considerable heterogencity. The sarcode of 
which the body consists, has an indurated outer layer, bearing 
cilia and sometimes spines; there is an opening serving as 
mouth, a permanent cxophagus, and a cavity or cavities, 
temporarily formed in the interior of the sarcode, to serye as 
‘one or more stomachs; and there ix a comparatively specific 
arrangement of these and various minor parts. 

"Thus in the animal kingdom, as in the vegetal kingdom, 
there exists a clase of minute forms having this peculiarity, 
that ne one of them is separable into a number of visible 
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components homologous with one another—no one of them 
can be resolved into minor individualities. Its proximate 
units are those physiological units of which we conclude every 
organism consists, ‘The aggregate ia an aggregate of the first 
order. 


§ 201. Among plants are found types indicating a transi- 
tion from aggregates of the first order to aggregates of the 
second order; and among animals we find analogous types. 
But the stages of progressing integration are not here go dia- 
tinct. The reagon probably is, that the simplest animale, 
haying individualities much leas marked than those of the 
simplest planta, do not afford us the same facilities for obser~ 
vation, In proportion us the limits of the minor individuali- 
ties are indefinite, the formation of major individualities out 
of them, naturally leaves Jess conspicuous traces, 

Be this ae it may, however, in such types of Protozoa as 
the compound Radiolaria, we find that though there is reason 
to regard the aggregate as an aggregate of the second order, 
yet its divisibility into minor individualities like those just 
described, is less manifest. Fig. 140 representing Spharozoum 





punctatum, one of the group, illustrates this. The sceptic- 
ally-minded may perhaps doubt whether we can regard the 
*ccllwform bodies” contained in it, as the morphological 
units of the animal. The jelly-like mass in which they are 
imbedded, ix but indefinitely divisible into portions having 
each a cell or nucleus for its centre,* Among the 


* This statement seems at variance with the figure; but the figure ia very 
Inaccurate. Ite inaccuracy curiously illustrates the vitiation of evidence, 
When I saw the deawing on the block, 1 pointed out to the draughteman. 
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Foraminifera, we find only indefinite evidence of the coal- 
escence of aggregates of the first order, into aggregates of the 
second order. ‘There are solitary Foraminifers, allied to the 
creature represented in Fig. 134. Certain ideal types of 
combination among them, are shown in Fig. 141. And 
setting out from these, we may ascend in various directions 
to kinds compounded to an immense variety of degrees in an 
immense variety of ways. In all of them, however, the 
separability of the major individuality into minor indivi- 
dualities, is very incomplete. The portion of sareode con- 
tained in one of these calcareous chambers, gives origin to 
an external bud; and this presently beeomes covered, like 
its parent, with caleareous matter: the position in which 
each snecessive chamber is so produced, determining the 
form of the compound shell. But the portions of esrcode 
thus budded out one from another, do not become distinctly 
individualized. Fig. 142, representing the living net-work 
which remains when the shel! of an Orbitolite has been dis- 
solved, shows the continuity that exists among the occupants 
of its aggregated chambers,* In the compound 
Infusoria, the component unite remain quite distinct. Being, 
as agerogates of the first order, much more definitely or- 
ganized, their union into aggregates of the second order docs 


that be Fad made the surryunding carves much more obriously related to 
the contained hoes, than they were in the original (In Dr, Carpenter's Yor 
{and having looked on while he in great measure remedied thie 


thought no further care was needed, Now, however, on seeing the 
tm tho printer’s proof, I find that the engraver, ewayed by the amo 
‘as the draughtaman that such a relation was meant to be shown, 
hax male his lines represent It silll more decidedly than those of the draughts 
mas before they were corrected. ‘Thus, vague Yinear representations, Hike 
‘wages Terbal ones, aro apt to grow more definite when tepeated. Hypothesis 
‘warps peeceptions as il warps thoughts. 
* Though the subdivision into chambers of the aboll does not correspond 
‘to the wibdivision into oell-units it may still be held that since in the solitary 
fypes the subdivision of the nucleus is followed by formation of new tndi- 
‘which separate, and since in the compound types the aubdivision of 
Is followed by growth and formation of now chambers, the com- 
‘must be regarded as an aggregate of the second order, 
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not destroy their original individualities. Among the Vorti- 
celle, of which two kinds are delineated in Figs. 144 and 
145, there are various illustrations of this: the members of 
the community being sometimes appended to a single stem; 
sometimes attached by long separate stems to a common 
base; nnd sometimes massed together, 

‘Thus for, these aggregates of the second order exhibit but 
indefinite individualities. The integration is physical; but 
not physiological. Though, in the Polycytharia, there is a 
shape that hae some symmetry; and though, in the Fora- 
minifera, the formation of successive chambers proceeds in 
such methodie ways as to produce quite-regular and toler= 
ably-specific xhells; yet no more in these than in the Sponges 
or the compound Vorticelle, do we find such co-ordination as 
gives the whole a life predominating over the lives of ite 
parts. We have not yet reached an aggregate of the eecond 
order, so individuated as to be capable of serving as a unit in 
still higher combinations. But in the class Calenterata, Uthix 
advance is displayed. The common Hydra, habitually taken 
ax the type of the lowest division of this class, has specialized 
parts performing mutually-subservient functions, and thus 
exhibiting a total life distinct from the lives of the unita. 
Fig. 146 represents one of these creatures in its contracted 
state and in its expanded state; while Fig. 147 is a diagram 

showing the wall of this erea- 


y, 387 ture’s sacclike body as sean in 
section under the microscope: 
“an A b a and b being the outer and 


inner cellular layers; while be- 
tween thom is the “ mesogloa” 
or “structureless lamella,” the 
supporting or skeletal layer. But this lowly-organized 
tissue of the Hydra, illustrates a phase of integration 
in which the lives of the minor aggregates are only par- 
tinlly-eubordinated to the life of the major aggregate 
formed by them. For a Hydra’s substance ik soparable 
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into Ameba-like portions, capable of moving about inde- 
pendently. If we bear in mind how analogous are the 
extreme extensibility and contractility of a Hydra’s body 
and tentacles, to the properties displayed by the sarcode 
among Rhizopods; we may infer that probably the move- 
menis and other actions of a Iydra, are due to the half- 
independent co-operation of the Ameba-like individuals 
composing it, 


$202. A truth which wo before saw among plants, we 
here see repeated among animals—the truth that as soon as 
the integration of aggregates of the first order into aggregates 
‘of the second order, produces compound wholes so specific in 
their shapes and sizes, and so mutually dependent in their 
parte, as to have distinct individualities; there simultaneously 
arises the tendency in them to produce, by gemmation, other 
such aggregates of the second order. The approach towards 
definite limitation in wn organixm, is, by implication, an ap- 
proach towards a siate in which growth passing a certain 
point, results, not in the increase of the old individual, but 
in the formation of a now individual. ‘Thus it happens that 
the common polype buds ont other poly; 
very shortly do the like, as shown in Fig. 148: a process 
paralleled by the fronds of 
sundry Alga, and by those 
of the lower Jungermanni- 
acer. And just as, among 
these last plants, the pro- 
liferously-produced fronds, 
after growing to certain 
sizes and developing rovt- 
Jets, detach themselves from their parent fronds; so among 
these animals, separation of the young ones from the bodies 
‘of their parents ensues when they have acquired tolerably 
oe “organizations. 
ia reason to think that the parallel holds still fur- 
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ther. Within the limits of the Jungermanniacer, we found 
that while some genera exhibit this discontinuous develop- 
ment, other genera exhibit a development that is similar to 
it in all essential reapecte, save that it is continuous, And 


here within the limits of the Hydrozoa, we find, along with 


this genus in which the gemmiparous individuals are pre- 
sently cast off, other genera in which they are not east off, 


~ but form a permanent aggregate of the third order. Pigs. 


149 and 150, exemplify these compound Hydrozoa—one of 
them showing this mode of growth so carried out as to pro- 
duce a single axis; and tho other showing how, by repeti- 
tions of the process, lateral axes are produced. Integrations 
characterizing certain higher genera 
of the Zydrozoa which swim or float 
instead of being fixed, are indicated 
by Figs. 151 and 15%: the first of 
them representing the type of a 
group in which the polypes growing 
from an axis, or ccenosare, are drawn 
through the water by the rhythmi- 
eal contractions of the organs from 
which they hang; and the second of 
them representing a Physalia the 
component polypes of which are 
united into a cluster, attached to an 

“t a air-vessel. 

A parallel series of illustrations might be drawn from that 
econd division of the Calenterata, known as the Actinozoa. 
Here, too, we have a group of species—the Sea-anemones— 
the individuals of which are solitary. Hore, too, we have 
agamogenetic multiplication: occasionally by gemmition, but 
more frequently by that modified process called spontaneous 
fission. And here, too, we havo compound forms resulting 
from the arrest of this spontancous fission before it is com- 
plete, To give examples is needless; cinco they would but 
show, in more varied ways, the truth already made euffl- 
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clently clear, that the compound Celenterala are aggregates 
of the third order, produced by integration of aggregates of 
the second order such as we have in the Hydra. As before, 
it is matiifest that on the hypothesis of evolution, these 
higher integrations will insensibly arise, if the separation of 
the gemmiparous polypes is longer and longer postponed ; 
and that an increasing postponement will result by survival 
of the fittest, if it profits the group of individuals to remain 
united instead of dispersing.* 


$203. The like relations exist, and imply that the like 
procesiex have bon one through, among those more highly- 
organized animals called Polyzoa and Tunicata, We have 
solitary individuals, and we have variously-integrated groups 
of individuals: the chief difference between the evidence 
hore furnished, and that furnished in the last case, being the 
absence of a type obviously linking the solitary state with 
the aguregated state. 

This integration of aggregates of the second order, is car- 
ried on among the Polyzoa in divers ways, and with different 
degrees of completencss. The little patches of minute cells, 
shown as magnified in Pig. 153, so common on tho fronds of 
sea-weeds and the surfaces of rocks at low-water mark, display 
little beyond mechanical combination. The adjacent indi- 











* A critic mays the question Is “what arc the forces internal or external 
which produce union or seperation,” A proximate reply k—degroe of nutri. 
tice, Asin a plant now individuals or rndimonts of them are caat off whore 
‘mittition bt falling, #6 ina compound apjmal. The eonpecting part dwindles 
I 1 ooqees to corey nuteiiment, 
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viduals, though severally originated by gemmation from tho 
same germ, have but little physiological dependence. In 
kindred kinds, however, as shown in Figs. 154 and 155, one 
of which is a magnified portion of the other, the integration 
is somewhat greater: the co-operation of the united indi- 
viduals being shown in the production of those tubular 
branches which form their common support, and establish 
among them a more decided community of nutrition. 

Among the Ascidjans this general law of morphological 
composition is once more displayed. Each of these creatures 
subsists on the nutritive particles contained in the water 
which it draws in through one orifice and sends out through 
another; and it may thus subsist cither alone, or in con- 
nexion with others that are in some cases loosely aggregated 
and in other cases closely aggregated. Fig. 156, Phallusia 


TS) ie 


mentula, is one of the solitary forms, A type in which the 
individuals are united by a stolon that gives origin to them 
by successive buda, is shown in Perophora, Fig. 167. Among 
the Bolryllide, of which one kind is drawn on a emall scale 
in Fig. 159, and a portion of the same on a larger scale in 
Fig. 158, there is a combination of the individuals into an- 
nular clusters, which are themselves imbedded in a common 
gelatinous matrix. And in this group there are integrations 
even a stage higher, in which several such clusters of clusters 
grow from a single base. Here the compounding and re- 
compounding appears to be carried further than anywhere 
else in the animal kingdom. 

‘Thus far, however, among these aggregates of the third 
order, we see what we before saw among the simpler aggre- 
gates of the second order—we see that the component indi- 
vidualities are but to a very small extent subordinated to 
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the individuality made up of them. In nearly all the forma 
indicated, the mutual dependence of the united animals is so 
slight, that they are more fitly comparable to societies, of 
which the members co-operate in securing certain common 
benefits, There ix seareely any specialization of functions 
among them. Only in the last type described do we see a 
number of individuals so completely combined as to simulate 
single individual. And even hore, though there appears to. 
be an intimate community of nutrition, there is no physio- 
logical integration beyond that implied in several mouths and 
stomachs having a common vent.* 


§ 204. We come now to an extremely interesting question. 
Does there exist in other sub-kingdoms composition of the 
third degree, analogous to that which we have found so 
prevalent among the Calenterata and the Polyzoa and Tuni- 
cata? The question is not whether elsewhere there, are 
tortiary aggregates produced by the branching or clustering 
of secondary aggregates, in waye like those above traced ; 
but whether elsewhere there are aggregates which, though 
otherwise unlike in the arrangement of their parts, never- 
theless consist of parts so similar to one another that we 
may suspect them to be united sccondary aggregates, The 
various compound types above described, in which the united 
animals maintain their individualities so distinctly that the 
individuality of the aggregate remains vague, aro constructed 
im such ways that the united animals carry on their several 
activities with scarcely any mutual hindrance. The members 
of « branched Hydrozoon, such as is shown in Fig. 149 or 
Fig. 150, are 0 placed that they can all apread their tentacles 
and catch their prey as well aa though separately attached to 
stones or weeds. Packed side by side on a flat surface or 

* it has been pointed ont that I have here understated the evidence of 

Integration, An instance of It among Myirowa is shown in 
Fig. 151, bot by a strange oversight I have forgotten to name the vatiows 
furnished by the Siphonophora in which tho individual palypos of a com 

4 ‘Sapregatc aro greatly specialized in adaptation to differont functions, 
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forming a tree-like assemblage, the associated individuals 
among the Polyzoa are not uncqually conditioned: or if one 
Tine some advantage over another in a particular case, the 
mode of growth and the relations to surrounding objects are 
so irregular as fo prevent this advantage re-appearing with 
constancy in successive generations, Similarly with the 
Ascidians growing from a stolon or those forming an annular 
cluster; each of them is as well placed as every other for 
drawing in the currents of sea-water from which it selects its 
food. In these cases the mode of aggregation does not expose 
the united individuals to multiform ecireumstances; and 
therefore is not calculated to produce among them any 
structural multiformity. For the same reason no marked 
physiological division of labour arises among them; and 
consequently no combination closo enough to dieguise their 
several individualities. But under converse conditions we 
may expect converse results. Tf there is a mode of integration 
which necessarily subjects the united individuals to unlike 
sets of incident forces, and does this with complete uniformity 
from generation to generation, it is to be inferred that the 
united individuals will become unlike. They will severally 
assume such different functions aa their different positions 
enable them respectively to carry on with the greatest 
advantage to the assemblage. ‘This heterogeneity of function 
arising among them, will be followed by heterogeneity of 
structure; as also by that closer combination which the 
better enables them to utilize one another's functions. And 
hence, while the originally-like individuals are rendered 
unlike, they will have their homologies further obscured by 
their progressing fosion into an aggregate individual of a 
higher order. 

These converse conditions are in nearly all cases fulfilled 
whore the succcasive individuals arising by continuous devel- 
opment are so budded-off ns to form a linear 2erics. I say 
in nearly all casce, because there are gome types in which 
the associated individuals, thongh joined in single file, are 
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not thereby rendered very unlike in their relations to the 
environment; and therefore do not become differentiated and 
integrated to any considerable extent. I refer to such Asci- 
dians as the Salpide. These creatures float passively in the 
sea, attached together in strings, Being placed side by side 
and having mouths and vents that open laterally, each of 
them is as well circumstanced oz its neighbours for absorb- 
ing and emitting the surrounding water; nor have the in- 
dividuals at the two extremities any marked advantages 
over the rest in these respeets. Hence in this type, and in 
the allied type Pyrasoma, which has its component indivi- 
duals built into @ hollow cylinder, linear aggregation may 
exist without the minor individualities becoming obscured 
and the major individuality marked: the conditions under 
which a differentiation and integration of the component 
individuals may be expected, are not fulfilled. But where 
the chain of individuals produced by gemmation, is cither 
habitually fixed to some solid body by one of its extremities 
or moves actively through the water or over submerged 
stones and weeds, the eoyeral mombers of the chain become 
differently conditioned in the way above dezeribed; and may 
therefore be expected to become unlike while they become 
united. A clear idea of the contrast between these two 
Tinear arrangements and their two diverse results, will be 
obtained by considering what happens to a row of soldiers, 
when changed from the ordinary position of a single rank 
to the position of Indian file. So long as tho men stand 
shoulder to shoulder, they are severally able to use their 
‘wenpons in like ways with like eMciency; and could, if 
called on, similarly perform various manual processes directly 
‘or indirectly conducive to their welfare. But when, on the 
word of command “right face,” they so place themeelves 
‘that each bas one of his neighbours before him and another 
him, nearly all of them become incapacitated for 
aind for many other actions, They ean walk or run 
gnother, so as to produce movement of the file in 
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tho direction of ite length; but if the file has to oppose an 
enemy or remove an obstucle lying in the line of its march, 
the front man is the only one able to use his weapons or 
hands to much purpose. And manifestly such an arrange- 
ment could become advantageous only if the front man pos- 
seased powers peculiarly adapted to his position, while those 
behind him facilitated his actions by carrying supplies, &e. 
This simile, grotesque as it seems, serves to convey better 
perhaps than any other could do, a clear idea of the relations 
that must arise in a ehain of individuals arising by gemma- 
tion, and continuing permanently united end to end. Such 
a chain can arise only on condition that combination is more 
advantageous than separation; and for it to be more advan- 
tageous, the anterior members of the series must become 
adapted to functions facilitated by their positions, while the 
posterior members become adapted to functions which their 
positions permit. Hence, direct or indirect equilibration or 
both, must tend continually to establish types in which the 
connected individuals are more and more unlike one another, 
at the same time that their several individualities are more 
and more disguised by the integration consequent on their 
mutual dependence. 

Such being the anticipations warranted by the general laws 
of evolution, we have now to inquire whether there are any 
animals which fulfil them. Very little search suffices; for 
structures of the kind to be oxpected are abundant. In that 
great division of the animal kingdom at one time called An- 
nulosa, but now grouped into Annelida and Arthropoda, we 
find a variety of types having the looked-for characters. Let 
‘we contemplate some of them, 


§ 205. An adult Chetopod is composed of segmenta which 
repeat one another in their details as well as in their general 
shapes. Dissecting one of the lower orders, such as fa 
shown in Fig. 160, proves that the successive segments, be- 
tides having like locomotive appendages, like branchiw, and 
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sometimes even like pairs of eyes, also have like internal 
organs. Each has ite enlargement of the alimentary canal; 
each ite contractile dilatation of the great blood-vessel ; each 
fis portion of the dowble nervous cord, with ganglia when 





he nervous and vascular 
trunks answering to those of its neighbours; each its simi- 
larly answering set of muscles; each its pair of openings 
through the body-wall; and so on throughout, even to the 
‘organs of reproduction. ‘That is to say, every segment is in 

measure a physiological whole—every segment con- 
tains most of the organs essential to individual life and mul- 
tiplication: such essential organs as it does not contain, 
being those which its position as onc in the midst of a chain, 
prevents it from having or nocding. If we 
ask what is the moaning of these homologies, no adequate 
answer is supplied by any current hypothesis. ‘That this 
“vegetative repetition” is carried out to fulfil a prede- 
termined plan, was shown to be quite an untenable notion 
($$ 133, 131). On the one hand, we found nothing satis- 
factory in the conception of a Creator who proscribed to him- 
self a certain unit of composition for all creatures of a par- 
ticular class, and then displayed his ingenuity in building up 
a great variety of forms without departing from the “ arche- 
typal idea.” On the other hand, examination made it mani- 
fest that even were such a conception worthy of being enter 
tained, it would have to be relinquichod; since in each clase 
there are numerous deviations from the supposed “ archetypal 
idea” Still less can these traits of structure be accounted 
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for teleologically. That certain organs of nutrition and re- 
spiration and locomotion are repeated in each segment of a 
dorsibranchiate annelid, may be regarded as functionally ad- 
vantageous for a creature following ite mode of life. But 
why should there be a hundred or even two hundred pairs of 
ovaries? ‘This ix wn arrangement at variance with that 
physiological division of labour which every organism pro- 
fits by—ia a less advantageous arrangement than might have 
beon adopted. That is to say, the hypothesia of a designed 
adaptation fails to explain the facts. Contrariwize, 
these structural traits are just such ag might naturally be 
looked for, if these wnnulose forms have arisen by the in- 
tegration of simpler forms. Among the various compound 
animals already glanced at, it is very general for the united 
individuals to repeat one another in all their parts—repro- 
ductive organe included. Henco if, instead of a clustered or 
branched integration, such as the Calenterata, Polyzoa and 
Tunicata exhibit, there occurs a longitudinal integration; we 
may expect that the united individuals will habitually indi- 
cate their original independence by severally bearing germ- 
producing or sperm-producing organs, 

The reasons for believing one of these creatures to bo an 
aggregate of the third order, are greatly strengthened when 
we turn from the adult structure to the mode of develop- 
ment. Among the Dorsibranchiata and Tubdicole, the em- 
bryo leaves the egg in the shape of a ciliated gemmule, not 
much more differentiated than that of a polype. As shown 
in Fig. 162, it is a nearly globular mass; and its interior 
consists of untransformed cells. ‘The first approciable change 
is an elongation and a simultaneous commencement of seg- 
mentation. The segments multiply by a modified gemma- 
tion, which takes place from the hinder end of the penultimate 
segment. And considerable progress in marking out these 
divisions is made before the internal organization begins. 
Figs, 163, 164, 165, represent some of these early stages, Tn 
annelids of other orders, the embryo assumes the segmented 
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form while still in the'egg. But it does this in just the 
same manner as before. Indeed, the essential identity of the 
wo modes of development is shown by the fact that the seg- 
mentation within the egg is only Linea carried out: in 





‘all these types the segmenta continue to increase in number 
for some time after hatching. Now this process is as 
like that by which compound animals in general are formed, 
as the different conditions of the case permit. When new 
individuals are budded-out laterally, their unfolding is not 
hindered—there is nothing to disguise either the process or 
the product. But gemme produced one from another in the 
same straight line, and remaining connected, restrict one 
‘another's developments; and that the resulting segments are 
so many gemmiparously-produced individuals, is necessarily 
Tess obvious. 


$206. Evidence remains which adds very greatly to the 
weight of that already assigned. Thus far we have studied 
only the individual segmented animal; considering what may 
be inferred from its mode of evolution and final organization. 
We have now to study segmented animals in general. Com- 
parison of different groups of them and of kinds within exch 
group, will disclose various phases of progressive integration 
of the nature to be anticipated. 

Among the simpler Platyhelminthes, as in some kinds of 
Planaria, transverse fission occurs. A portion of a Planaria 
“separated by spontaneous constri becomes an inde- 
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pendent individual. Sir J. G. Dalyell found that in some 
caves numerous fragments artificially separated, grew into 
perfect animals.* In these creatures which thus remind us 
of the lowest Hydrozoa in their powers of agamogenctic 
multiplication, the individuals produced one from another 
do not continuo connected, As the young ones laterally 
Iudded-off by the Hydra separate when complete, so do the 
young ones longitudinally budded-off by the Planaria, 
Fig. 166 indicates this. But there are allied types which 
show ug a more or less persistent union of homologous parts, 
or individuals, similarly arising by longitudinal gemmation.t 
‘The cestoid Hntozoa furnish illustrations. Without dwelling 
on the fact that each segment of a Tania, like each separate 
Plonaria, is an independent hermaphrodite; and without 
specifying the sundry common stractural traits which add 
probability to the suspicion that there is some kinship be- 
tween the individuals of the one order and the segments of 
the other; it will suffice to point out that the two types are 
so far allied as to demand their uniori under the same sub- 
class title. And recognizing this kinship, we see significance 
in the fact that in the one case the longitudinally-produced 
gemmu separate as complete individuals, and in the other 
continue united as segments in smaller or larger numbers 
and for shorter or longer periods. In T'ania echinococcus, 

* Recently Mr. T. Hf. Morgan hus made elaborate experiments which 
show that Panaria Maculata may be cut Into many pieces from various 
parts and of various shapes—even a alice out of the side—and each, if not 
too small, will produce a perfect animal, 

4 Sinoe this wae written in 1860 there has come 10 light evidence more 
‘complotely to tho point than any st that timo known, In tho subdivision of 
Platyhelminthe known as Turbellaria, thore aro some, the Microstomida 
which, by a process of segmentation form “chains of 4, then 8, then 16, and 
sometimes even 82 individuals.” “Bach forms o mouth [lateral] and for 
some time the chain peraisia, but the individuals ultimately become seaually 
matured and then separate.” (Shipley, Zoology of the Tnvertebrata, p. 9%) 
Hore it should bo remarked that the lateral moutha enable the members of 
‘s string to feed separately, aud that nutrition not being interfered with they 
doubtless gain some advantage by temporary maintenance of their union— 
‘probably in creeping, 
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represented in Fig. 16%, we have a species in which the 
number of segments thus united does not exceed four. In 
Echinobothrium typus thore are eight or ten; and in cestoids 
generally they are numerous.* A considerable 
hiatus occurs between this phase of integration and the next 
higher phase which we mect with; but it is not greater 
than the hiatus between the types of the Platykelminthes and 
the Chetopoda, which present the two phases. Though it is 
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doubtful whether separation of single segments occurs among 
the Annelida,} yet very often we find strings of segments, 


* T find that the reasons for regarding the segment of a Tienia as answering 
‘to.an individual of the second order of aguregation, are much stronger than 
supposed when writing the above. Van Henodon says:—"1 Progiotiis 
(eegrment) ayant acquis tout son développement, se détache ordinairement de 
fs colonic et continue encore & croftre dans Tintestin du mbme aniwal; il 
change mime souvent de forme et semble doud d'une nouvelle vie; sea anglos 
Weffacent, tout le corpa slarrondit, et il nage comme une Planairy au miliew 
des masoosités Intestianles" 

$ Though thie was doubtful in 1865 it ie no longer doubtful, In an indi. 
vidual Qtenodrilus monoetylus, which multiplies by dividing and subdividing 
Hself, “parts arise which are destitute of both head and anus and at times 
eeenist of only «single eogment.” In another specios, C. pardalis, there is 
‘feparation Into many segments; and each segment before separating forme 
& budding xone out of which other ecgments are afterwards produced, com- 
‘pleting the animal (Korsebelt and Heider, Rrabryology, i, 801~). 











Wt MORPHOLOGICAL DEVELOPMENT, 


arising by repeated longitudinal budding, which after reach- 
ing certain lengths undergo spontuneous fission: in some 
eases doing this so a& to form two or more similar strings 
of segments constituting independent individuals; and in 
other cases doing it so that the segments spontancously 
separated are but a small part of the string. Thus a Syllis, 
Pig. 168, after reaching a certain length, begins to trans- 
form itself into two individuals: one of the posterior segments 
develops into an imperfect head, and simultaneously narrows 
its connexion with the preceding segments, from which it 
eventually separates. Still more remarkable ix the extent to 
which this process is carried in certain kindred types; which 
exhibit to us several individuals thus being simultaneously 
formod out of groups of eogments. Fig. 169, copied (omit- 
ting the appendages) from one contained in a memoir 
by M. Milne-Edwards, represents six worms of different 
ages in course of development: the terminal one being the 
eldest, the one having the greatest number of segments, 
and the one that will first detach itself; and the success- 
ively anterior ones, with their successively smaller numbers 
of segments, being successively less advanced towards fitness 
for separation and independence, Here among groups of 
segments we see repeated what in the previous eases occurs 
with single segments. And then in other annclids we find that 
the string of scgments arising by gemmation from a single 
germ becomes a permanently united whole: the tendency to 
any more complete fission than that which marks out the seg- 
ments, being lost; or, in other words, the integration having 
hecome relatively complete. Leaving out of sight the 
question of alliance among the types above grouped together, 
that which it here concerns us to notice is, that longitudinal 
gemmation docs go on; that it is displayed in that primitive 
form in which the gomm separate as soon as produced ; that 
we have typos in which such gemmm hang together in 
groups of four, or in groups of eight and ten, from whieh 
however the gemmwe successively separate as individuals; 
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thot among higher types we have long strings of similarly- 
formed gemmi which do not become individually independ- 
ent, but separate into organized groups; and that from 
these we advance to forms in which all the gemmm remain 
parts of a single individual. One thor significant 
fact must be added. There are cases in which annelids 
multiply by lateral gemmation.* ‘That the longitudinally: 
produced gomma which compose an annelid, should. thne 
have, one of them or several of thom, the power of laterally 
budding-off gemmw, from which other annelids arise, giv 
further support to the hypothesis that, primordially, the seg- 
ments were independent individuals, And it suggests this 
belief the more strongly because, in certain types of Calen= 
ferata, we see that longitudinal and lateral gemmation do 
occur together, whore the longitudinally-united gemme are 
demonstrably independent individuals 





$207. Though it sooms next to impossible that wo shall 
ever be able to find a type such as that which is here sup- 
posed to be the unit of composition of the annulose type, 
since we must assume such a type to have been long since 
extinct, yet the foregoing evidence goes far towards showing 
that an annulose animal is an aggregate of the third order, 
This repetition of eogmente, sometimes numbering several 
hundreds, like one another in all their organs even down to 
those of reproduetion, while it is otherwise unaccountable, is 
fully accounted for if these segments are homologous with 
the separate individuals of some lower type. The gemma- 
tion by which these segments are produced, is as similar as 
the conditions allow, to the gemmation by which compound 








In place of those originally hero instanced about which there are di 
putes, I may give an undoubted ono doscribed by MeIntovh, the Syllie 
ramcer, a speoles of chintopod living in hexactinellid sponges from the Are- 
furs Sea, which branches laterally repesterlly #o as to extend in all directions 
threagh the canals of the sponge. To most cases the bude torminate in oval 
is were found, 









metinos 





these srraal Baxls had beemme separate from the branchod sto, 
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animals in general are produced. As among plants, and as 
among demonstrably-compound animals, we see that the only 
thing required for the formation of a permanent chain of 
gemmiparously-produced individuals, is that by remaining 
associated such individuals will have advantages greater than 
are to be gained by separation, Further, comparisons of 
the annuloid and lower annulose forms, disclose a number 
of those transitional phases of integration which the hypo- 
thesis leads us to expect. And, lastly, the differences among 
these united individuals or successive segments, are not 
greater than the differences in their positions and functions 
explain—not greater than such differences are known to pro- 
duce among other united individuals: witness sundry com- 
pound /ydrozoa. 

Indirect evidence of much weight has still to be given. 
Thus far we have considered only the less-developed Annu- 
losa. The more integrated and more differentiated types of 
the class remain. If in them we find a carrying further of 
the processes by which the lower types aro here supposed to 
have been evolved, we shall have additional reason for be- 
lieving them to have been so evolved. If we find that in 
these superior orders, the individualities of the united seg- 
ments ore much less pronounced than in the inferior, we 
ehall have grounds for suepecting that in the inferior the 
individualities of the segments are less pronounced than in 
those lost forms which initiated the annulose sub-kingdom, 


[Nors—Partly from the wish to incorporate further evi- 
dence, and partly from the wish to present the evidence, old 
and new, in a moro effective order, 1 decide here to reenst the 
foregoing exposition. 

Significant traits of development are exhibiled in common 
by two groups otherwise unallied—certain of the Platyhel- 
minthes and certain of the lower Annulosa, Of the Platyhel- 
minthes the ordinary type is an unsegmented creature: a 
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Planarian or a Trematode exemplifying it, Among the free 
forms, as in some Planarians, there occurs tranaverse fission, 
and prompt separation of the segments; while among some 
other free forms, a8 the Microstomida, the two segments first 
produced, themselves become segmented while still adherent, 
and this process ix repeated until a string is formed. Another 
group of the Platyhelminthes, the Cestoid Entozoa, exhibit 
analogous processes. There are unsegmented forms, as the 
Caryophyllacus, and there are forms in which the segments, 
now few now many, adhere together in chains; the terminal 
members of which, however, eventually separate, and having 
before separation approached the trematode structure, become 
independent individuals which grow, ereep about, and con- 
tinue the race. In both of these types the condition under 
which the gemmiparously-produced members remain con- 
nected, is that they shall be able to focd individually: in 
the one caze by lateral mouths, in the other case by absorp- 
tion through the integument. It is further observable that 
in both cases separation of the component individuals occurs 
at sexual maturity, when advantage in nutrition has ceased 
to be the dominant need and dispersion of the species has 
taken its place in degrce of importance. Among 
Annelids, higher though they are in type, we find parallel- 
isms. Usually in its first stage an annelid is unsegmented, 
but as fast ax it elongates lines of segmentation indent its 
surface. This segmentation proceeds in various ways, and 
the segments exhibit various degrees of dependence. In 
ome low types, spontaneous fission gos on to the extent of 
producing single segments, each of which has such vitality 
that it buds ont anterior and posterior parte at ita two onda. 
‘Thus alike in the simple form which existe before segmenta- 
tion and in the form exhibited by a detached segment, we 
have @ unit analogous to each of the units which are joined 
together in certain free Turbellaria and in the Cestoids: the 
difference being that in the Annelids the sexually-mature 
units do not individually disunite. But though thore does 
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not take place separation of single completed segments, there 
takes place separation of groups of segments, which are 
either sexually mature at the time they drop off or presently 
become so. And the groups of segments which have become 
sexually mature before they drop off, have simultancously 
acquired swimming organs and developed eyes, enabling them 
to spread and diffuse the species. Sundry biologists recognize 
a parallelism between that detachment of developed segments 
which goca on in the cestoid Hnfozoa, and that which gocs on 
in tho Seyphomedusa, 'Tho successively detached members 
of the strobila aro sexually-matured or maturing individuals 
which, a3 medusw, are fitted for swimming about, multiply- 
ing, and reaching other habitats; while each detached pro- 
glottis of the cestoid is, by the nature of its medium, limited 
to creeping about. Clearly this fissiparous process in such 
Annelids as the Syllide, which has similarly been compared 
to the strobilization of the Scyphomedusa, differs simply in 
the respect that single segments are not adapted for Iocomo- 
tion, and it therefore profits the species to separate in groups. 
All these facts and analogies point to the conclusion that the 
remote ancestor of the Annelids was an unsegmented crea- 
ture homologous with each of the segments of an existing 
Annelid. 

This conclusion is supported by other kinds of evidence 
here to be added. The Jarve of Annelids are very various; 
but amid their differences there is a recognizable type. “The 
Trochophore is the typical larval form of the Annelid stem”: 
a trochophore being a curious spheroidal ciliated structure 
suggestive of cwlenterate affinities. And this unsegmented 
larva, representing the remote ancestor from which the many 
Annetid types diverged, is similar to the larve of the Rotifere 
and the Mollusca: a trochophore is common to all these great 
classes, Morcoyer since, among the Rhizota (a sub-class of 
the Rotifera), there is a sae Trochosphera, solitary and 

mn and structure a trocho- 
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evidence that there was a primitive creature of thie general 
charaeter, of which the trochophores of Mollusca, Rotifera, 
and Annelida are divergent modifications, and which was 
unsegmented; the implication being that the segmentation 
or the Annelida was superinduced. That this segmentation 
resulted from gemmation is implied by what are called poly- 
trochal larvae. Theee “sometimes appear as a stage succced- 
ing other larval types. Thus those of Arenicola marina arise 
from larvm which at first were monotrochal, later became 
tolotrochal, and finally, by the appearance of new ciliated 
rings between those already present, assumed the stage of 
polytrochal larve. . . . This condition warrants the 
assumption that the segmented forms are to be looked upon 
‘as the younger, the unsogmented, on the other hand, as the 
phylogenetically older.” (Korschelt and Heider, i, 278.) And 
that the above-described rings of cilia mark off segments is 
shown by the ease of Ophryotrocha pueritis, which “ remains, 
as it were, in a larval condition, since the segments retain 
their ciliation throughout life.” (/d., 277.) Yet one more 
significant fact must be named. In carly stages of develop- 
ment each segment of an archiannelidan has calomic spaces 
te from those of neighbouring segments, but in the 
adult the septa “generally break down either partially or 
completely, so that the perivisceral cavity becomes a cor 
tinnous space from end to end of the animal.” (Sedgwick, 
Text Book, 449.) While this fact is congruous with the 
hypothesis hore maintained, it is incongruous with the hypo- 
thesis that tho annolid was originally an clongated creature 
which afterwards became segmented; since in that case the 
implication would be that the eelomic septa, not arising from 

tion of an ancestral structure, but originated by the 
of segmentation, were first superfluously formed and 





















Hines of evidence thus converge to the conelusion 
animal is an aggregate of the third order. 
1865, when No. 14 of my serial containing the 
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foregoing chapter was issued, 1 supposed myself to be alone 
in holding this belief respecting the annulose type, and long 
continued to suppose so. Over thirty years later, however, in 
M. Edmond Perrier’s work, La Philosophie Zoologique avant 
Darwin, 1 found mention of a lecture delivered by M. Lacaze- 
Duthiers at the Ecole Normale Supérieure in Paris, and re 
ported in the Revue des Cours Scientifiques for January 28, 
1865, in which he enunciated a like belief. Judging, how- 
ever, by the account of this lecture which M. Perrier gives 
(he was present), it appears that M. Lacaze-Duthiers simply 
contended that this view of the annulose structure as arising 
by union of once-independent units, is-suggested by certain 
@ priori considerations. There is no indication that he 
assigned any of the classes of facts above given, which go to 
show that it Aas thus arisen, 

For further facts and arguments concerning the genesis 
of the annulose type, see Appendix D 2.) 








CHAPTER V. 


THE MORFILOLOGICAL COMPOSITION OF ANTAALS, 
CONTINUED, 


$208. Ixseers, Arachnids, Crastaceans, and Myriapods, 

are all members of that higher division of the Annulosa* 
called Articulata or now more generally Arthropoda. Though 
in these creatures the formation of segments may be inter- 
preted as a disguised gemmation; and though, in some of 
them, the number of segments increases by this modified bud- 
ding after leaving the egg, as it does among the Annelids ; 
yet the process is not nearly so dominant: the segments are 
uxnally much Jess numerous than we find them in the types 
last considered. In most cases, too, the segments are in a 
_ greater degree differentiated one from another, at the same 
time that they ore severally more differentiated within them- 
selves. Nor is there any instance of epontancous fission 
place in the series of segments composing an articu- 
‘late animal. On the contrary, the integration, always great 
permanently to unite the segments, is frequently 
so far as to hide very completely the individualities 
f many of them; and occasionally, as among the 
lidution, or the arrest of segmentation, is eo 
‘once ited to embrace the Annelida and Arthro- 


fo bo wrod. It seems to mo batter than Apps 
more obviowly descriptive and as being more 
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decided as to leave scarcely a trace of the articulate struc- 
ture: the type being in these cases indicated chiefly by the 
presence of those characteristically-formed limbs, which give 
the alternative name Arthropoda to all the higher Annulosa. 
Omitting the parasitic orders, which, as in other cases, are 
aberrant members of their sub-kingdom, comparisons between 
the different orders prove that the higher are strongly dis- 
tinguished from the lower, by the much greater degree in 
which the individuality of the tertiary aggregate dominates 
over the individualities of those secondary aggregates called 
segments or “ so: :” of which it is composed. "The suc- 
cessive Figs, 170—176, representing (without their limbs) a 
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Julus, a Scolopendra, an isopodous Crustacean, and four 
kinds of decnpodous Crustaceans, ending with a Crab, will 
convey at a glance an idea of the way in which that greater 
size and heterogeneity reached by the higher types, is necom- 
panied by an integration which, in the extreme cases, nearly 
obliterates all traces of composite structure. In the Crab 
the posterior segments, usually folded underneath the shell, 
alone preserve their primitive distinctness. So completely 
confluent are the rest, that it seems absurd to say that a 
Crab’s carapace is composed of as many segments as there are 
pairs of limbs, foot-jaws, and antennm attached to it; and 
were it not that during early stages of the Crab’s develop- 
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ment the eegmentation is faintly marked, the assertion might 
‘be considered illegitimate, 

‘That all articulate animals are thus composed from end to 
end of homologous segments, is, however, an accepted doc- 
trine among naturalists. It ix a doctrine that rests on careful 
observation of three classes of facts—the correspondences 
of parts in the successive “somites” of an adult articulate 
animal ; the still more marked correspondences of such parte 
‘as they exist in the embryonic or larval articulate animal; 
and the maintenance of such correspondences in some types, 
which wre absent in types otherwise near akin to them. 
‘The nature of the conclusion which these evidences unite in 
supporting, will best be shown by the annexed copies from 
tho lecture-diagrame of Prof. Huxley; exhibiting the typical 
structures of a Myriapod, an Insect, a Spider, and a Crust- 
acean, with their relations to a common plan, as interpreted 
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‘Treating of these homologies, Prof, Huxley eaye “that a 
striking uniformity of composition is to be found in the heads 
of, at any rate, the more highly organized members of these 
four classes; and that, typically, the head of a Crustacean, 
an Arachnid, a Myriapod, or an Insect, is composed of six 
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somites (or segments corresponding with those of the body) 
and their appendages, the latter being modified so as to serve 
the purpose of sengory and mandueatory organs.” * 

‘Thue even in the higher Arthropoda, the much greater con- 
solidation and much greater heterogencity do not obliterate 
all evidence of the fact, that the organism is an aggregate of 

_ the third order, Comparisons show that it is divisible into a 
number of proximate units, each of which is akin in certain 
fundamental traite to ite neighbours, and cach of which is an 
aggregate of the second order, in eo far as it is an organized 
combination of those aggregates of the first order which wo 
call morphological units or cells, And that these segments 
‘or somites, which make up an annulose animal, were origin- 
ally aggregates of the second order having independent in- 
dividualities, is an hypothesis which gathers further support 
from the contrast between the higher and the lower Arthro- 
pods, as well as from the contrast between the Arthropods 


* The fusion of the segments forming the Arthropod hend and the 
extreme changes, or perhaps in rome cases disappearances, of thelr appen- 
ds pot great difficultios in the way of ideatifiations so that there are 
ferences of opinion respecting the number of included segments, Prof. 
ae writes-—"Tt is highly probable that a primary head (preoral 
lobe or prestomium) hat boon dorived from annolid ancestors, but the 
secondary fusion of body-eegments with thie head, in other words the forma: 
tion of a rccondary head, has gone on Independently in the different clnssen 
of the phylum Artiropeda, vin, Arachnida, Crustacen, and Tracheata 
{including Insects and Myrlapods). Judged by the number of appendages 
(which gives an inferior Nrnit) the head of a malacostracous Crustaccan 
consists of prawtomium and 8 scgments; the head of au insect of prinsto- 
ium and 4 vegments; the hend of a Myriapod of prestomium and & 
segment 
Again, the comment of Mr. J, 'T. Cunningham is 
and mot modern authorities there are only & segments in the head of an 
Arthropod, the eyes not counting as appendages; and further ft should be 
noted that tho second pair of antonno are wanting in Insects.” 

Of course difference of opinion rexpecting the number of somites ta the 
hond Involves difference of opinion respecting the number constituting the 
entire Lods, whioh, in the higher Arthropods, fk said by aome to be 19 and 
by others 20. Bat those who thus diffor in detail, agree in regarding all 
‘he segments of bend: and boty a emilogots end thle lo the cesta stad 
with which we are here concerned. 
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it Nertiliad tho, Anddlide For if that masking of the 
individualities of the segments which we find distinguishes 
the higher forme from the lower, has been going on from the 
beginning, as we may fairly assume; it is to be inferred that 
the individualities of the segments in the lower forms, were 
originally more marked than they now are. Reversing those 
processes of change by which the most developed Annulosa 
have arizon from the least developed; and applying in 
thought this reversed process to the least developed, as they 
were described in the last Chapter; we are brought to the 
conception of attached svginents that are all completely alike, 
and have their individvalities in no appreciable degree sub- 
‘ordinated to that of the chain they compose, From which 
there is but one step to the conception of gemmiparously- 
produced individuals whieh severally part one from another 
@s spon as they are formed. 







$209. We must now return to a junction whence we 
diverged some time ago. As before explained under the 
head of Classification, organiams do not admit of uni-serial 
arrangement, either in general or in detail; but everywhere 
form groups within groups. Hence, having traced the phases 
‘af morphological composition up to the highest forms in any 
sub-kingdom, we find ourselves at the extremity of a great 
branch, from which there is no access to another great branch, 
except by going back to come place of bifurcation low down 
in the 









‘There exist such similaritics of shape and structure be- 
tween the larval forms of low Molluscs and those of Annelids 
and Rotifers, as to show that there was an early type common 

to them all; and its probable characters, snggested by com- 
seem to imply that it had arisen from some ecelen- 
type, intermediate between the Cnidaria and the Cteno- 

But there is this noteworthy difference between the 
scan larva and the allicd Jarve, that it gives origin to 
animal and not-to a group of animals, united or 
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of the vitelline mass, which may or may not result in the - 
formation of two individuals; so among vertebrate animals 
we now and then meet with double monsters, which appear 
to imply such a spontaneous fission imperfectly carried out. 
But these anomalies serve to render conspicuous the fact, 
that in both these aub-kingdoms the normal process is the 
integration of the whole germ-maes into a single organism, 
which at no phase of its development displays any tendency 
to separate into two or more parts. 

Equally as throughout the Mollusca, there holds through- 
out the Vertebrata the correlative fact, that not even in its low- 
est any more than in its highest types, is the body divisible 
into, homologous segments. The vertebrate animal, under its 
simplest us under ite most complex form, is like the molluse- 
ous animal in this, that you cannot cut it into transverse 
slices, ench of which contains a digestive organ, a respiratory 
organ, a reproductive organ, &e. The organs of the least- 
developed fish as well as those of the most-developed 
mammal, form but a gingle physiological whole; and they 
show not the remotest trace of having ever been divisible 
into two or more physiologienl wholes. That segmentation 
which the vertebrate animal usually exhibits throughout 
part of its organization, is the same in origin and meaning 
as the segmentation of a Chiton’s shell; and no more implies 
in the vertebrate animal a composite structure, than do the 
enceessive pairs of branchim of the Doto, or the transverse 
rows of branchise in the Kolis, imply composite structure in 
the molluscoux animal. ‘Ta some this will sem a very ques- 
tionable proposition; and had we no evidence beyond that 
which adult vertebrate animals of developed types supply, it 
would be a proposition not easy to substantiate. But abundant 
support for it is to be found in the structure of the vertebrate 
embryo, and in the comparative morphology of the Vertebrata 
in general. 

Embryologists teach us that the primordial relations of 
parts are most clearly displayed in the early stages of evo- 
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Iution; and that they generally become partially or com- 
pletely disguised in ita later stages. Hence, were the verte- 
rate animal on the same level as the annulose animal in 
degree of composition—did it similarly consist of segments 
which are homologous in the sense that they are the prox- 
imate unite of composition; we ought to find this funda- 
mental fact most etrongly marked at the outset. As in 
the annolid-embryo the first conspicuous change is the 
elongation and division into segmengs, by constrictions that 
eneirele the whole body; and as in the arthropod embryo 
the blastoderm becomes marked out transversely into pieces 
which extend themeclves round the yelk before the internal 
organization has made any appreciable progress; go in the 
embryo of every vertebrate animal, had it an analogous com 
position, the first decided change should be a segmentation 
implicating the entire mass. But it ix not so, Sundry im- 
portant differentiations oceur before any divisions begin to 
show themselves. There is the defining of that elongated, 
elevated area with its longitudinal groove, which becomes the 
seat of subsequent changes; there is the formation of the 
notochord lying beneath this groove; there is the growth 
upwards of the boundaries of the groove into the dorsal 
lamin, which rapidly develop and fold over in the region of 
the head. Rathke, as quoted and indorsed by Prof. Huxley, 
describes the subsequent changes as follows:—* The gelatin- 
ous investing mass, which, at firet, seems only to constitute 
a band to the right and to the left of the notochord forms 
around it, in the further course of development, a sheath, 
which ends ina point posteriorly. Anteriorly, it sends out 
two processes which underlie the lateral parts of the skull, 
bat very soon coalesce for a longer or shorter distance. 
Posteriorly, the sheath projects but little beyond the noto- 
chord ; but, anteriorly, for a considerable distance, as far as the 
infundibulum. Tt sends upwards two plates, which embrace 
the fature central parts of the nervous system laterally, prob- 
ably throughout their entire length.” That is to say, in the 
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Vertebrata the first step is the marking out on the blastoderm 
of an integrated structure, within which segments subse- 
quently appear. When these do appear, they are for some 
time limited to the middle region of the spinal axis; and no 
more then than ever after, do they implicate the general 
mass of the body in their transverse divisions. On the 
contrary, before vertebral segmentation has made much pro- 
gress, the rudiments of the vascular system are luid down in 
a manner showing no trace of any primordial correspondence 
of ite parte with the divisione of the axis. Equally 
at varlance with the belief that the vertebrate animal is 
exsentially a series of homologous parts, ix the heterogeneity 
which exists among these parts on their first appearance. 
Though in the head of an adult articulate animal there is 
little sign of divisibility into segments like those of the 
body; yet such segments, with their appropriate ganglia and 
appendages, are ensily identifiable in the articulate embryo, 
But in the Vertebrata this antithesis is reversed. At the 
time when segmentation has become decided in the dorsal 
region of the spine, there is no trace of segments in the parts 
which are to form the skull—nothing whatever to suggest that 
the ekull is being formed out of divigions homologous with 
vertebru.* And minute observation no more discloses any 
such homology than does general appearance. “ Remak,”’ 
says Prof. Husley, “has more fully proved than any other 
observer, the segmentation into ‘urwirbel," or proto-vertebrw, 
which is characteristic of the vertebral column, stops at 
the occipital margin of the skull—the hase of which, before 
ossification, presents no trace of that segmentation which 
ooours throughout the vertebral column.” 

Consider next the evidence supplied by comparative mor- 
phology. In preceding sections ($8 206, 208,) it has been 

* Though it is allogod that at a Inter stage the posterior part of the skull 
Is formed by fusion of divlsious which wre assumed to represent vertebew, yet 
‘it Ie admitted that the anterior part of the skull never shows any signe of 
such division, Morcovor in both parts the bones show no truce of primitive 
segmentation, 
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shown that among annulose animals, the divisibility into 
homologous parts is most clearly demonstrable in the loweat 
types. Though in decapodous Crustaceans, in Insecta, in 
Arachnids, there is difficulty in identifying yome or many of 
the component somites; and though, when identified, they 
display only partial correspondences; yet on descending to 
Annelids, the composition of the entire body out of such 
somites becomes conspicuous, and the homology between each 
somite and ite neighbours is shown by the repetition of onc 
another's structural details, as well as by their common 
gemmiparous origin: indeod, in some cases we have tho 
homology directly demonstrated by seeing a somite of the 
body transformed into a head. If, then, a vertebrate animal 
had a segmental composition of kindred nature, we ought to 
find it most clearly marked in the lowest Vertebrata and 
most disguised in the highest Vertebrata. But here, a3 before, 
the fuct is just the reverse, Among the Vertebrata of 
developed type, such segmentation as really existe remains 
conspieuous—is but little obscured even in parts of the spinal 
column formed out of integrated vertebre. Whe in the 
undeveloped vertebrate type, segmentation is scarcely at all 
traceable.* The Amphiorus, Fig. 191, is not only without 








‘ossified vertebrm ; not only is it without cartilaginous repre- 
sentatives of them; but it is even without anything like 
distinct membranous divicions, The spinal column existe 
os 4 continuous notochord: the only eigns of incipient seg- 
maintation being given by its membranous sheath, in the 
upper part of which “quadrite masses of somewhat denser 


* Bee note at the end of the chapter. 
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tissue ecem faintly to represent neural apines,” Moreover, 
throughout eundry groupe of fishes and amphibians, the 
segmentation remains very imperfect: only certain peri- 
pheral appendages of the vertebra becoming defined and 
solidified, while in place of the bodies of the vertebrm there 
still continues the undivided notochord. ‘Thus, instead of 
being morphologically composed of vertebral segments, the 
vertebrate animal in its primitive form is entirely without 
vertebral segments; and vertebral segments begin to appear 
only as we advance towards developed forms. Once 
more, evidence equally adverse to the current hypothesis 
meets us on observing that the differences between the parts 
supposed to be homologous, are as great at first as at last. 
Did the vertebrate animal primordially consist of homo- 
logous segments from snout to tail; then the segments said 
to compose the skull ought, in the lowest Vertebrata, to show 
themselves much more like the remaining segments than 
they do in the highest Vertebrata, But they do not. Fishes 
have crania made up of bones that are no more clearly 
arrangeable into segments like vertebra, than are the cranial 
bones of the highest mammal. Nay, indeed, the case is 
much stronger, The simplest fish possessing a skeleton, 
has a cranium composed of cartilage that is not segmented 
atall! 

Besides being inconsistent with the leading truths of 
Embryology and Comparative Morphology, the hypothesis of 
Goethe and Oken is inconsistent with itself, The facts 
brought forward to show that there exists an archetypal 
vertebra, and that the vertebrate animal is composed of 
archetypal vertcbre arranged in a series, and severally modi 
fied to fit their positions—these facts, I say, so far from 
proving as much, suffice, when impartially considered, to dis- 
prove it. No assigned, nor any conceivable, attribute of the 
supposed archetypal vertebra is uniformly maintained, The 
parts composing it are constant neither in their number, ner 
in their relative positions, nor in their modes of ossification, 
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of their several individualities when 
‘There is no fixity of any one element, or con- 
‘nexion, or mode of development, which justifies even a 
suspicion that vertebre are modelled after an ideal pattern. 
"To substantiate these assertions here would require too much 
space, and an amount of technical detail wearisome to the 
general roader. Tho warrant for them will be found in a 
‘eriticiem on the osteologieal works of Prof. Owen, originally 
‘pablished in the British and Foreign Medico-Chirurgient Re- 
view for Oct. 1858. ‘This criticism T add in the Appendices, 
for the convenience of those who may wish to study the 
question more fully. (Sce Appendix B.) 

Everything, then, goes to show that the sogmental compo- 
sition which characterises the apparatus of external relation 
‘in most Vertebrata, is not primordial or genetic, but function- 
ally determined or adaptive. Our inference must be that the 
vertebrate animal is an aggregate of the second order, in 
which a relatively superficial segmentation has been pro- 
‘duced by mechanical intercourse with the environment. We 
shall hereafter sce that this conception leads us to a eon- 
fistent interpretation of the facts—shows us why there has 
arisen such unity in variety as exists in every vertebral column, 
‘and why this unity in variety is displayed under countless 
modifications in different skeletons.* 









§ 211. On glancing back at the facts brought together in 
‘these two chapters, we sce it to be probable that there has gone 
‘on among animals a process like that which we saw reason 
to think has gone on among plants, Minute aggregates of 


those physiological units which compose living protoplasm, 


. A qualifying fact should be nomed. When the production of vertebral 
‘has became constitutionally established, so that there is an innate 
pdeney to form them, there arises a liability to form supernumerary ones ; 
4 from time to time recurring, may lengthen the serica, as in the 
‘karmke or tho neck of a 4wan, This quallfication, however, affects 
the hypothesis of an ideal type and the hypothesis of mechanical 
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oxist as Protozoa: some of them incoherent, indefinite, and 
ulmost homogencous, and others of them more coherent, de« 
finite, and heterogencous, By union of these nucleated parti- 
cles of sarcode, are produced varions indefinite aggregates of 
the second order—Sponges, Polycytharia, Foraminifers, &e.; 
in which the compound individuality is ecarcely enough 
marked to subordinate the primitive individualities, But in 
other types, ax in Hydra, the lives of the morphological 
units are in a considerable degree, though not wholly, merged 
in the life of the integrated body they form. As the primary 
aggregate, when it passes a certain size, undergoes fission or 
gemmation; eo does the secondary aggregate. And as on 
the lower stage go on the higher, we see cases in which the 
gemmiparously-piroduced individuals part as soon as formed, 
and other cases in which they continue united, though in 
great measure independent. This massing of secondary aggre- 
gates into tertiary aggregates, is variously carried on among 
the Hydrozoa, the Actinozoa, the Polyzoa, and the Z'unicata. 
In most of the types so produced, the component individu- 
alitios are very little subordinated to the individuality of the 
composite mass—there is only physienl unity and not physio- 
logical unity; but in certain of the oceanic Mydrozoa, the 
individuals are so far differentiated and combined as very 
much to mask them. Forma showing ue clearly the transi- 
tion to well-developed individuals of the third ordor, are aT 
to be found. Nevertheless, in the great sub-kingdom Annu- 
Tosa, there are traits of structure, development, und mode of 
multiplication, which go far to show that its members are 
such individuals of the third order; and in the relations to 
external conditions involved by the mode of union, we find 
on adequate cause for that obscuration of the secondary indi- 
vidualities which we must suppose hax taken place. The 
two other great sub-divisions, Mollusca and Vertebrata, 
between the lower members of which there are suggestive 
points of community, present us only with aggregates of the 
second order, that have in many cases become very large and 
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very comples. We find in them no trace of the union of 
gemmiparously-produced individuals. Neither the molluscous 
nor the vertebrate animal shows the faintest trace of a seg- 
mentation affecting the totality of its structure; and we see 
good grounds for concluding that such segmentation as ex- 
ceptionally occurs in the one and usually occurs in the other, 
is superinduced. 





[Nore :—A critie calls in question the statement on p, 121 
respecting the Amphiorus. At the outset, however, he 
admits that in the Amphiorus “the central nervous system 
and the notochord are not segmented.” In the Annelid, 
however, the contral nervous system is segmented, and there 
is segmentation of the part which, as a supporting structure, 
is analogous to the notochord in respect of function—tho 
outer part whieh represents the exo-skeleton in contrast to 
the endo-skeleton. THe goes on to say that “the gut is not 
involved [in the segmentation] and exhibits in Amphiowus 
just as it docs in worms differentiations ontirely independent 
of the segmentation of the mesoblast.” Part of thie state- 
ment is, T think, not congrucus with all the facts. In Profo- 
drilus, one of the lowest of the Archiannelida, “ the inte 
is moniliform, there being a constriction between cach seg- 
ment” and the next. (Shipley.) Complete segmentation of 
the intestine is obviously impossible, since, were the canal 
divided into portions by septa, no food could pase, But the 
fact that the gut has these successive expansions and con- 
strictions, corresponding to the successive segments, and 
giving to each segment a partially-sepa 
that segmentation has gone as far as consists with the 
earrying on of the lives of the segments. No such partial 
segmentation exists in the Amphiorus. ‘Thus, then, three 
fundamental structures—the directive structure, the sup- 
porting structure, and the 
tively simple in the lowest vertebrate and seg 
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partially segmented, in the lowest Annolid. Again, while it 
in said that the gill-clefts exhibit segmentation, it is admitted 
that thie has no relevance to any constitutional segmenta- 
tion: “they are segmented on a plan of their own” irre- 
epective of other organs, Another allegation ie that the 
ovaries of Amphiorus are segmented. Their segmentation, 
however, like that of the gills, is isolated, and may be con- 
sidered as illustrating those repetitions of like parts seen in 
supernumerary yertebre in various creatures—a repetition 
which becomes habitual if the resulting stracture is advan- 
tageous to the species, On the etatoment that while the 
Amphiorus las no rudiments of a renal system the Elasmo- 
branch embryo has such rudiments, which aro as distinctly 
segmented as the nephridia of a worm, two comments may 
be made, ‘The first is that if in these Vertebrates the 
nephridia bear a relation to the general structure like that 
which they do in Annelids, then ene would expect to find 
the segmental arrangement shown in the lowest type, as in 
Annolids, rather than in a type considerably advanced in 
development. Should it be replied that in the Amphiorus 
an excretory system had not yet arisen, though one is re- 
quired for the higher organization of an Elasmobranch, then 
the answer may be that since the segmental arrangement in 
the Elasmobranch corresponds with that of the myotomes, it 
has no reference to any primordial segmentation, since the 
myotomes have been functionally generated. The second 
comment ix that whereas the nephridia of the Annelid have 
independent external openings, the nephridia in the Elasmo- 
branch have not. These discharge their secretions into cer- 
tain general tubes of exit common to them all; showing that 
each of thom, instead of being a member of a partially inde- 
pendent stracture, is united with others in subordination to 
a genera] structure. That is to say, the segmentations are 
far from being parallel in their essential natures. The msser- 
tion accompanying these criticisms, that there is “no differ- 
toe in principle between the segmentation of Amphiozus 
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and Annelid™ is difficult to reconcile with the visible con- 
trast between the two. Whatever local segmentations there 
are in an Amphiorus appear to me quite unlike “in prin- 
ciple” to those which an Annelid exhibite. Could its 

of gut be duly supplied with nutriment, the segment 
‘of a low Annelid could carry on its vital functions independ- 
ently, In the parts of the Amphiorus we sce nothing 
approaching to this. Cut it into transverse sections and no 
‘one of them contains anything like the aseemblage of struc- 
tures required for living. The Amphioxus ia a physiological 
whole, and in that respect differs radically from the Annelid, 
each segment of which is in chief measure a physiological 
whole. No occurrence of local segmentation in the Am- 
phiorus can obliterate this fandamental contrast, 

An accompanying contrast tells the eame story. On as- 
cending from the lowest to the highest annulose types we 
see a progressing integration, morphological and physiologi- 
cal; so that whereas in a low annelid the successive parts 
are in large measure independent in their structures and in 
their lives, in a high arthropod, as a crab, most of the parts 
have lost their individualitics and hove become merged in a 
consolidated organism with a single life. Quite otherwise is 
it in the vertebrate series. Its lowest member is at the very 
outset a complete morphological and physiological whole, and 
the formation of those serial parts which some think analo- 
gous to the serial parts of an Annclid, begins at a later stage 
and becomes gradually pronounced, That is to say, the course 
of transformation is reverecd.] 
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VERENTIATION IN PLANTS, 


§ 212. Wurze, in the course of their evolution, plants and 
s have displayed progressive integrations, there have 
at the sume time gone on progressive differentiations of the 





resulting aggregates, both as wholes and in their parts. 
These differentiations and the interpretations of them, form 
the gecond class of morphological probl 

We commence as before with pl 
sider, first, the several kinds of modification in shape they 
have undergone; and, second, the relations between these 
kinds of modification and their factors. Let us glance at the 
leading questions that haye to be answered 
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We have to con- 





§ 213. Trreepective of their degrees of composition, plants 
may, and do, become changed in their general forms. Are 
ated? The inqui 











their changes capable of being formu 
which mects us at the outset is—does a plant’s shape admit 
of being expressed in any universal terms?—terms that 
remain the eame for all genera, orders, and classee. 

After plants coneidered as wholes, have to be considered 
their proximate components, which vary with their dogrees 
of composition, and in the highest plants are what we call 








branches. Is there any law traceable among the contrasted 

shapes of different branches in the same plant? Do the rela- 

tive developments of parte in the aame branch conform to 

any law? And are these laws, if they exist, allied with one 
18 
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another and with that to whieh the shape of the whole plint 
conforms? 

‘Descending to the components of these components, which 
in developed plants we distinguish aa leaves, there meet us 
Kindred questions reapecting their relative sizes, their rela- 
tive shapes, and their shapes as compared with those of 
foliar organs in general. Of their morphological difforentin- 
tions, also, it has to be asked whether they exemplify any 
truth that is exemplified by the entire plant and by ite larger 
parts. 

Then, a stop lower, we come down to those morphological 
units of which Teaves and fronds consist; and concerning 
these arise parallel inquiries touching their divergences from 
‘one another and from cells in general. 

The problems thus put together in several groups cannot 
of course be rigorously separated. Evolution presupposes 
transitions which make all such clazeinge more or lees con- 
ventional; and adherence to them must be subordinate to 
the’ needs of the occasion, 








$214. In studying the causes of the morphological differ- 
entiations thus divided out and prospectively generalized, 
we shall have to bear in mind several order of forces which 
it will be well briefly to apecify. 

Growth tends inevitably to initiate changes in the shape 
Of any aggregate, by altering both the amounts of the inci- 
dent forces and the forces which the parts exert on one 
another. With the mechanical actions this is obvious, 
Matter that is sensibly plastic cannot be increased in mass 
without undergoing a change in its proportions, consequent 
. ‘on the diminished ratio of its cohesive force to the force of 
| gravitation. With the physiologiew! actions it is equally 
obvious. Increase of size, other things equal, alters the rela- 
tions of the parts to the material and dynamical factors of 
wutrition; and by so affecting differently the nutrition of 

"different parte, initiates further changes of proportions. 
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In plants of the third order it is thus with the proximate 
components: they are subject to mutual influences that 
are unlike one another and are continually changing. The 
carlior-formed unita become mechanical supporters of the 

later-formed units, and so experience modifying forces from 
which the later-formed units are exempt. Further, these 
elder units simultaneously begin to serve as channels through 
which materials are carried to and from the younger units— 
another cause of differentiation that goes on increasing in in- 
tensity. Once more, there arise ever-strengthening contrasts 
between the amounts of light which fall upon the youngest or 
ontermost units and the eldest or innermost units; whence 
result structural contmsts of yet another kind. Evidently, 
then, along with the progressive integration of cells into 
fronds, of fronds into axes, and of axes into plante still more 
composite, there come into play sundry causes of differen- 
tiation which act on the whole and on each of its parta, 
whatever their grade. The forces to be overcome, the forces 
to be utilized, and the matters to be appropriated, do not 
remain the same in their proportions and modes of action for 
any two members of the aggregate: be they members of the 
first, second, third, or any other order, 


§ 215. Nor are these the only kinds and causes of hetero- 
geneity which we have to consider. Beyond the more 
general changes produced in the relative sizes and shapes of 
plants and their parts by progressive aggregation, there are 
the more particular changes determined by the more par- 
ticular conditions, 

Plants as wholes assume unlike attitudes towards their 
environments; they haye many ways of articulating their 
parts with one another; they have many ways of adjusting 
their parts towards surrounding agencies. These are causes 
of special differentiations additional to those general differen- 
tiations that result from increase of mass and increase of com- 
position. In each part considered individually, there arises » 
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‘® characteristic shape consequent on that relative position 
towards external and internal forces, which the mode of 
growth entails Every member of the aggregate presenta 
itself in a more or Jess peculiar way towards the light, towards 
the air, and towards its point of support; and according to 
the relative homogeneity or heterogenvity in the incidence of 
the agencies thus brought to bear on it, will be the relative 
homogeneity or heterogeneity of its shape. 


§ 216. Before passing from this d priori viow of the 
morphological differentiations which nocessarily accompany 
morphological integrations, to an d posteriori view of them, it 
seers needful to specify the meanings of certain descriptive 
terms we shall have to emplo: 

Taking for our broadest division among forms, the regular 
and the irregular, we may divide the latter into those which 
‘are wholly irregular and those which, being but partially 
irregular, suggest some regular form to which they approach. 
By slightly straining the difference between them, two eur- 
rent words may be conveniently used to describe these sub- 
divisions, The entirely irregular forms we may class as 
asymmeotrical—literally as forms without any equalities of 
dimensions. Tho forms which approximate towards regu- 
larity without reaching it, we may distinguish aa uneymmetri- 
cal: word which, though it asserts inequality of dimensions, 
hhas been associated by use rather with such slight inequality 
as constitutes an observable departure from equality 

Of the regular forms there are several classes, differing in 
the number of directions in which equality of dimensiona ia 
repeated, Hence results the need for names by which sym- 
metry of several kinds may be expressed 

‘The mest regular of figures is the sphere: its dimensions 
are the same from centre to surface in all directions; and if 
ent hy any plane through the centre, the separated parts are 
equal and similar. This is a kind of symmetry which stands 
alone, and will be hereafter spoken of a3 spherical symmetry. 
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When a sphere passes into a spheroid, either prolate or 
‘oblate, there remains but one set of planes that will divide it 
into halves, which are in all respects alike; namely, the 
planes in which its axis lies, or which have its axis for their 
line of intersection, Prolate and oblate spheroids may 
severally pass into various forms without losing this pro- 
perty. The prolate spheroid may become egg-shaped or pyri- 
form, and it will still continue capable of being divided into 
two equal and similar parts by any planc cutting it down 
its axis; nor will the making of constrictions deprive it of 
this property, Similarly with the oblate epheroid. The 
transition from a-slight oblateness, like that of an orange, 
to an obluteness reducing it nearly to a flat dise, does not 
alter its divisibility into like halves hy every plane passing 
through its axis. ” And clearly the moulding of any such 
flattened oblate spheroid into the ehape of a plate, leaves it 
as before, symmetrically divisible by all planes at right 
angles to ite surface and passing through its centre. This 
species of symmetry is called racial symmetry. Tt is familiar- 
ly exemplified in such flowers as the daisy, the tulip, and the 
dahlia. 

From spherical symmetry, in which we have an infinite 
number of axes through each of which may pass an infinite 
number of plancs severally dividing the aggregate into equal 
and similar parte; and from radial symmetry, in which we 
have a single axis through which may pass an infinite number 
of planes severally dividing the aggregate into equal and 
similar parts; we now turn to bilateral symmetry, in which 
the diyisibility into equal and similar parts becomes much 
restricted. Noting, for the sake of completeness, that there is 
a sextuple bilateralness in the cube and its derivative forms 
which admit of division into equal and similar parts by planes 
passing through the three diagonal axes and by planes passing 
through the three axes that join the centres of the surfaces, 
let us limit our attention to the three kinds of bilateralness 
which here concern us. ‘The first of these is triple 
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tilaleral symmetry. ‘This is the symmetry of a figure having 
three axes at right angles to one another, through each of 
which there passes a single plane that divides the aggregate 
into corresponding halves. A common brick will serve as an 
example; and of objects not quite so simple, the most familiar 
is that modern kind of spectacle-caso which is open at both 
ends. This may be divided into corresponding halves along 
its longitudinal axis by cutting it through in the direction 
of its thickness, or by cutting it through in the direction of 
its broadth; or it may be divided into corresponding halves 
by entting it across the middle. Of objects which 
illustrate double bilateral symmetry, may be named one of 
those boats built for moving with equal facility in either 
direction, and therefore made alike at stem and stern. Ob- 
viously such a boat is separable into equal and similar parts 
by a vertical plane passing through stem and stern; and it is 
alo separable into equal and similar parts by a vertical plane 
cutting it amidships. To exemplify single bilateral 
symmetry it needs but to turn to the ordinary boat of which 
the two ends are unlike. Mere there remains but the one 
plane passing vertically through stem dnd stern, on the oppo- 
‘site sides of which the parts are symmetrically disposed. 

‘These several kinds of symmetry as placed in the foregoing 
order, imply increasing heterogenci The greatest uni- 
formity in shape is shown by the divisibility into like parts 
in an infinite number of infinite series of ways; and the 
greatest degree of multiformity consistent with any regularity, 
is shown by the divisibility into like parts in only a single 
way. Hence, in tracing up organic evolution as displayed in 
morphological differentiations, we may expect to pass from 
the one extreme of spherical symmetry, to the other extreme 
of single bilateral symmetry. ‘This expectation we shall find 
‘to be completely fulfilled. 
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diatom passes, will be alike; and so, tov, on the average, 
will be the relations of the two edges. In desmids 
of the type exemplified by the second individual in Fig. 2, 
a kindred equalization of dimensions is otherwise insured. 
‘There is nothing to keep one of the two surfaces uppermost 
rather than the other; and henee, in the Tong snecession of 
individuals, the two surfaces are sure to be similarly 
to light and agencies in general. When to this is added the 
fact that spontancous fission occurs transversely in a constant 
way, it becomes manifest that the two ends, while they are 
maintained in conditions like one another, are maintained in 
conditions unlike those of the two edges. Tlere then, as 
before, triple bilateral symmetry in form, coexists with a triple 
Lilateral symmetry in the average distribution of actions. 
Still confining our attention to aggregates of the first 
order, let us next note what results when the two ends are 
permanently subject to different conditions, Tho fixed 
unicellular plants, of which examples are given in Figs. 4, 
5, and 6, severally {ustrate the contrast in shape arising 


# s 





between the part that is applied to tho supporting surface 
and the part that extends into the surrounding medium. 
‘These two parts which are the most unlike in their relations 
to incident forces, are the most unlike in the forms. Observe, 
next, that the part which lifts itself into the water or air, ix 
more or less decidedly radial, Each outward growing tubule 
of Codium adherens, Fig, 4, has ita parts disposed with some 
regularity around its axie; the upper stem and spore-vossel 
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of Botrydium, Fig. 5, display a latoral growth that is approxi- 
mately equal in every direction; and the stema of the 
Mucor, Fig. 6, shoot up with an approach to evenness on al) 
sides. Plants of this low type are naturally very variable 
in their modes of growth: cach individual being greatly modi 
fied in form by its special circumstances, But they neverthe- 
less show us a general likeness between parte exposed to like 
forces, as well as a general unlikeness between parte exposed 
to unlike forces. 

Respecting the forms of these aggregates of the first order, 
it has only to be added that they are asymmetrical where 
there is total irregularity in the incidence of forces. We 
have an example in the indefinitely contorted and branched 
shape of a fungus-eell, growing as a mycelium among the 
particles of soil or through the interstices of organic tissue. 


§ 218. Re-illustrations of the general truths which the 
forms of these vegetal aggregates of the first order display, 
are furnished by vegetal aggregates of the second order. The 
oqualitics and inequalities of growth in different diroctions, 
prove to be similarly related to the equalities and inequalities 
of environing actions in different directions 

Of spherical symmetry an instance occurs in Budorina 
elegans, The ciliated cells are here so united as to produce a 
small, mulberry-shaped, hollow ball which, being similarly 
conditioned on all sides, showa no unlikencsses of structure, 
An alliod form, however, Volvor globator, prosonta a highly 
instructive, though very trifling, modification. It is not 
absolutely homogeneous in its structure and is not absolutely 
homogeneous in its motions. The waving cilia of its compo- 
nent cells have fallen into such slight heterogencitics of 
faction ns to cause rotation in a constant direction; and 
‘along with a fixod axis of rotation there has arisen a fixed 
axis of progression. A concomitant fact is that the celle 
of the colony exhibit an appreciable differentiation in relation 
to the fixed axis. There is an incipient divergence from 
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spherical uniformity along with this slight divergence from 
uniformity of conditions. 

Vegetal aggregates of the second order ary usually fixed : 
locomotion is exceptional, Fixity implies that the surface 
of attachment is differently circumstanced from the free eur- 
face. Hence we may expect to find, as we do find, that 
among these rooted aggregates of the sceond order, as among 
those of the first order, the primary contrast of shape is 
between the adherent part and the loose part, Sea-weeds 
variously exemplify this. In some the fronds are very 
irregular and in some tolerably regular; in some the form is 
pscudo-foliar and in some pseud-axial; but differing though 
they do in these respects, they agree in haying the end 
which is attached to a solid body unlike the other end. The 
same truth is seen in such secondary aggregates as the com- 
mon Agaries, or rather in their immensely-developed organs 
of fructification. A puff-ball, Fig. 192, presents no other 
obvious unlikeness of parts than that between its under and 
‘upper surfaces, So too with the stalked kinds that frequent 
our woois and pastures. In the types which Figs. 193, 
194, 195, delineate, the unlikenesses between the rooted 
ends and the expanded ends, ax well ax between the under 
and upper surfaces of the expanded ends, are obviously 
related to this fundamental contrast of conditions. Nor is 
this relation leas clearly displayed in the seseile fungi whieh 
grow out from the sides of trees, ae ehown at a, b, Fig. 196. 





‘That which is common to this and the preceding types, is the 
contrast between the attached end and the free end. 
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om what these forms haye in common, let us turn to 

that which they have not in common, and observe the causes 
of the want of community, A puff-ball shows us in the 
simplest way, the likeness of parts accompanying likeness of 
conditions, along with the unlikeness of parta accompanying 
unlikeness of conditions. For while, if we cut. vertically 
through its centre, we find a difference between top and 
bottom, if we cut horizontally through its centre, we find no 
differences among its eoveral cides. Boing, on the average of 
cases, similarly related to the environment all round, it 
remains the same all round. The radial symmetry of the 
mushroom and other vertically-growing fungi, illustrates 
this connexion of cause and effect still better. But now 
mark what happens in the group of Agaricus noli-langere, 
shown in Fig. 195, Radially symmetrical as is the type, and 
radially symmetrical as are those centrally-placed individuala 
which are equally crowded all round, we see that the peri- 
pheral individuals, dissimilarly cireumstanced on their outer 
sides and on their sides next the group, have partially 
changed their radial symmetry into bilateral symmetry, It 

is no longer possible to make two corresponding halves by 
any vertical plane cutting down through the pileus and the 
stem ; but there is only one vertical plane that will thus pro- 
duce corresponding halves—the plane on the opposite sides 

ef which the relations to the environment are alike. And 
then mark that the divergence from all-sided symmetry 
towards two-sided symmetry, here caused in the individual 

‘by special circumstances, is characteristic of the race where 
the habits of tho race constantly involve two-cidednese of 
conditions. Besides being exemplified by such comparatively 
undifferentiated types as certain Polypori, Fig. 196, a, b, this 
‘truth ix exemplified by members of the genus just named. 
In Agaricus horizontalis, 196, c, we have a departure 
‘from radial symmetry that is conspicuous only in the form 
of the stem. A more docided bilateralness exists in A. sub- 
shown in elevation at d and in section at d’, And 
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Lentinus flabelliformis, of which # and c! are different views, 
exhibits complete bilateralness—a bilateralness in which 
there is the greatest likeness of the parts that are most simi- 
larly conditioned, and the greatest unlikenees of the parts 
that are most dissimilarly conditioned. 

Among plants of the second order of composition, it will 
suffice to note one further class af facts which are the con- 
verse of the foregoing and have the same implications. These 
are the facts showing that along with habitual irregularity in 
the relations to external forces, there is habitual irregularity 
in the mode of growth. Besides finding such facts among 
‘Thallophytes, as in the tubers of underground fungi and in 
the creeping films of sessile lichens, which severally show ug 
variations of proportions obviously caused by variations in 
the amounts of the influences on their different sides, we also, 
among Archegoniates of inferior types, find irregularities of 
form along with irregularities in environing actions. The 
fronds of the Marchantiacee or such Jungermanniacem as are 
shown in Figs. 41, 43, 43, illustrate the way in which each 
lowly-organized aggregate of the second order,not individuated 
by the mutual dependence of its parts, has its form deter- 
mined hy the balance of facilities and resistances which each 
side of the frond meets with as it spreads. 


§ 219. Among plante displaying integration of the third 
degree, and among plants still further compounded, these 
same truths are equally manifest. Tn the forms of such plants 
we see primary contrasts and secondary contrasts which, no 
less clearly than the foregoing, arc related to contrasts of 
conditions, 

‘That flowering plants from the daisy up to the oak, have 
in common the fundamental unlikeness between the upward 
growing part and the downward growing part; and that 
this most marked unlikeness corresponds with the most 
marked unlikeness between the two parts of their environ- 
ment, soil and air; aro facta too conspicuous to be named 
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were they not important items in the argument. More 
instructive perhaps, because less familiar, is the fact that we 
miles this extreme contrast in flowering plants which have not 
their highersand lower portions exposed to conditions thus 
extremely contrasted, A parasite like the Dodder, growing 
in entangled masses upon other plants, from which it sucks 
the juices, is not thus divisible into two strongly-distinguished 
halves. 

Leaving out of consideration the difference between the 
supporting part and the supported part in phwenogams, and 
looking at the supported part only, we observe between its 
form and the habitual incidence of forees, a relation like that 
which we observed in the simpler plants. Phanogams that 
are practically if not literally uniaxial, and those which de- 
velop their lateral axes only in the ehape of axillary flowers, 
when uninterfered with commonly eend up vertical stems 
round which the leaves and flowers are disposed with a more 
or less decided radial symmetry. Gardens and fields supply 
us with such instances as the Tulip and the Orchis; and, on 
‘a larger scale, the Palms and the Aloes are fertile in ex- 
amples. ‘The exceptions, too, are inatructive. Besides the 
individual divergences arising from epecial interferences, there 
are to be traced general divergences where the habits of the 
plants expose them to general interferences in anything 
approaching to constant ways. Plants which, like the Fox- 
glove, have spikes of flowors that are borne on flexible foot- 
atalks, have their flowers habitually bent round to one face of 
the stem: an unlikenoas of distribution probably eansed by 
unlikeness in the relation to the Sun's rays. The wild Hya- 
cinth, too, with stem so flexible that its upper part droops, 
shows us how n consequent difference in the action of gravity 
on the flowers, causes therm to deviate from their typically- 
radial arrangement towards a bilateral arrangement. 

Much more conspicuous are these general and special rela- 
tions of form to gencral and special actions in the environ- 
iment, among phanogams that are multiaxial. ‘That when 
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standing alone, and in places where the winds do not injure 
them nor adjacent things shade them, shrubs and trees develop 
with tolerable evenness on all sides, ig an obvious truth. 
Equally obvious is the truth that, when growing together in a 
wood, and mutually interfered with on all sides, trees still 
show obscurely radial distributions of parts; though, under 
such conditions, they have tall taper stems with branches 
directed upwards—a difference of shape clearly due to the 
different incidence of forces. And almost equally obvious is 
the truth, that a tree of this same kind growing at the edge 
of the wood, has its outer branches well developed and its 
inner branches comparatively ill-developed. Fig, 19%, which 





sor =~ ed we 
inaccurately represents this difference, will serve to make it 
manifest that while one of the peripheral trees can be cut 
into something like two similar halves by a vertical plane 
directed towards the centre of the wood—a plane on each side 
of which the conditions are alike—it cannot be eut into simi- 
lar halves by any other plane. A like divergence from an 
indefinitely-radial symmetry towards an indefinitely-bilateral 
symmetry, occurs in trees that have their conditions made 
bilateral by growing on inclined surfaces. Two of the common 
forms observable in such eases are given in Fig. 198. Here 
there is divixibility into parts that are tolerably similar, hy 
a vertical plane running directly down the bill; but not by 
any other plane. Then, further, there is the bilateralness, 
éimilar in general meaning though differently caused, often 
seen in trees exposed to strong prevailing winds. Almost 
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‘sea-const has abundant examples of stunted trees which, 
‘one shown in Fig. 199, have been made to deviate 
- from their ordinary equal growth on all sides of a vertical 
axis, to a growth that is oqual only on the opposite aides of a 
vertical plane directed towards the winds eye. 
"From among vegetal aggregates of the third order, we have 
now only to add examples of the entirely asymmetrical form 
which accompanies an entirely irregular distribution of inci- 
dent forces. Creeping plants furnish such examples. They 
show, both when climbing up vertical or inclined surfaces and 
when trailing on the ground, that their branches grow hither 
and thither as the balance of forces aids or opposes; and the 
general outline is without symmotry of any kind, becauso 
the environing influences have no kind of regularity in their 
arrangement. 












$220, Along with some unfamiliar facts, 1 have here set 
down facts which are 60 familiar ag to seem scarcely worth 
noting. It is because these facts have become meaningless 
to perceptions deadened by infinite repetitions of them, that 
it ix needful here to point out their meanings. Not alone for 
its intrinsic importance has the unlikeness between the 
attached ends and the free ends been traced among plants of 
‘all degreea of integration. Nor is it simply because of tho 
signifieance they have in thomselves, that instances have 
‘been given of those varieties of symmetry and asymmetry 
which the free ends of plants cqually display: be they plants 
‘of the first, second, third, or any higher order, Neither has 
the only other purpose been that of showing how, in the radial 
symmetry of some vegetal aggregates and tho single bilateral 
symmetry of others, there are traceable the same ultimate 
prineiples as in the epherical symmetry and triple bilateral 
symmetry of certain minute plants first described. But the 
main object has been to present, under their simplest aspects, 
‘those general laws of morphological differenti which are 
y ‘by the component parts of each plant. 
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If organic form is determined by the distribution of forces, 
and the approach in every case towards an equilibrium of 
inner actions with outer actiong; then this relation between 
forms and forces must hold alike in the organism as a whole 
in its proximate units, and in its units of lower orders, For- 
mulas which express the shapes of entire plants in terms of 
surrounding conditions, must be formulas which also express 
the shapes of their several parta in terme of surrounding 
conditions. If, therefore, we find that a plant as a whole is 
radially symmetrical or bilaterally symmetrical or asymme- 
trical, according as the incident forces affect it equally on all 
sides of an axis, or affect it equally only on the opposite sides 
of one plane, or affect it equally in no two directions; then, 
we may expect that, in like manner, each member of a plant 
will display radial symmetry where environing influences are 
alike along many radii, bilateral symmetry where there is 
hilateralness of environing influences, and unsymmetry or 
asymmetry where there is partial or entire departure from a 
balance of surrounding actions. 

‘To show that this expectation is borne out by the facta, 
will be the object of the following four chapters. Let us 
begin with the largest parts into which plants are divisible; 
and proceed to the successively smaller parts. 








| CHAPTER VIII, 


‘THE SHAPES OF BRANCITES. 


§221. Acannoares of the first order supply a few examples 
of forms ramified in an approximately-regular manner, under 
conditions which subject their parts to approximately-regu- 
Jar distributions of forces. Some unicellular Alga, becoming 
elaborately branched, assume very much the aspects of amall 
trees; and show us in their branches analogous relations of 
forms to forces. Bryopsis plumosa may ae 
be instanced. Fig. 200 represents the 
end of one of its lateral ramifications, 
above and beneath which come others of 
like characters. Here it will be seen that 
the attached and free ends differ; that 
the two sides are much alike; and that they are unlike the 
upper and under surfaces, which resemble one another. ‘The 
more highly developed members of the same group of Alga, 
the Siphonemw, show a marked radial symmetry coexisting 
with very claborate branching, ¢.9., Neo- 
meris, Cymopolia, and others. 


















$222. Fig. 201 shows us how, in an 

te of the second order, each proxi- 
component is rnodified by its rela- 
the reat; just as we before saw 
of the same type modified 
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hy its relations to environing objects. If a branch of the 
fungus here figured, be compared with one of the fungi 
clustered together in Fig. 196, or, atill better, with one of the 
laterally-growing fungi shown in Fig. 196, there will be per- 
ceived a kindred transition from radial to bilateral symmetry, 
occurring under kindred conditions. The portion of the 
pileus next to the side of attachment is undeveloped in this 
branched form as in the simpler form; and in the one case as 
in the other, the etem ie modified towards the side of attach- 
ment. A division into similar halves, which, aa shown in 
Fig. 196 ¢, might be made of the whole fungus by a vertical 
plane passing through the centre of the pilens and the axis 
of the supporting body, might here be made of the branch, 
by a vertical plane passing through the centre of its pileus 
and the axis of the main stem. Among aggregates of this 
order, the Alye furnish caeea of kindred nature. In the 
branches of Lessonia, Fig. 37, may be observed a substantially- 
similar rvlationship. Ax their inner parts are less developed 
than their outer parts, while their two sides are developed in 
approximately equal degrees, they are rendered bilateral. 


$223. These few cases introduce us to the more familiar 
but more complex cases which plants of the third degree of 





aggregation present. Ata, b, c, Fig. 202, are sketched three 
homologous parts of the same tree: a being the leading 
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shoot; ba lateral branch near the top, and ¢ a lateral branch 
lower down. There is here a double exemplification, While 
the branch a, a3 a whole, has its branchlets arranged with 
tolerable regalarity all round, in correspondence with its 
equal exposure on all sides, each branchlet shows by its 
curve as much bilateral symmetry as its simple form permits. 
‘The branch 6, dissimilarly circumstanced on the side next 
the main stem and on the side away from it, has an approxi- 
‘mate bilateralness as a whole, while the bilateralness of its 
‘branehlets varies with their respective positions. And in the 
branch c, having its parts still more differently conditioned, 
these traits of structure are still more marked, HExtremely 
strong contrasts of this kind occur in trees having very 
regular modes of growth. Tho uppermost branches of a 
‘Spruce-fir have radially-arranged branchlets: each of them, 
if growing vigorously, repeats the type of the leading shoot, 
as shown in Pig, 203, a, b. But if we examine branches 
ower and lower down the tree, we find the vertically-growing 
branchlets bear a less and less ratio to the horizontally- 
growing ones; until, towards the bottom, the radial arrange- 
ment has wholly merged into the bilateral. Shaded and 
confined by the branches above them, these eldest branches 
develop their offshoots in those directions whore there is 
most space und light: becoming finally quite flattened and 
fan-shaped, as shown at Fig. 203, c. And on remembering 
‘that each of these eldest branches, when first it diverged 
from the main stem, was radial, we see not only that between 
the upper and lower branches does this contrast in structure 
bold, but also that cach branch is transformed from the 
radin} to the bilateral by the progressive change in its en- 
vironment. Other forces besides those which aid or 
hinder growth, conspire to produce this two-sided character 
in Jateral branches. The annexed Fig. 204, sketched from 
ap example of the Pinus Coulterit at Kew, shows very clearly 
f, by mere gravitation, the once radially-nrrangod branch- 
Ba stat ast produce in the Uranch as a whole a 
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decided bilateralness. A full-grown Araucaria, too, exhibits 
in its lower branches modifications similarly caused; and in 
each of such branches there may be remarked the further 
fact, that ite upward-bending termination has a partially- 
modified radialness, at the same time that ite drooping lateral 
branchlets give to the part nearer the trunk a completely 
bilateral character. 

Now in these few instances, typical of countless instances 
which might be given, we see, as we saw in the case of 
the fungi, that the same thing is true of the parta in their 
relations to the whole and to one another, which ie true of 
the whole in its relations to the environment at large. Entire 
trees become bilateral instead of radial, when exposed to 
forces that are equal only on opposite sides of one plane; and 
in their branches, parallel changes of form occur under 
parallel changes of conditions. 


§ 224. There remains to be said something respecting the 
distribution of leaves. How a branch carries its leaves 
constitutes one of its characters as a branch, and is to be 
considered apart from the characters of the leaves them- 
selves, The principles hitherto illustrated we shall here find 
illustrated still further. 

‘The leading shoot and all the upper twigs of a fir-treg, 
“have their pin-shaped leaves evenly distributed all round, or 
placed radially; * but ax we descend we find them beginning 
to assume a bilateral distribution; and on the lower, horizon- 
tally-growing branches, their distribution is quite bilateral.t 
Between the Irish and English kinde of Yow, there is a con- 
trast of like significance. The branches of the ono, shooting 
up ais they do almost vertically, are clothed with leaves 

* Here and throughout, the word radial is applied equally to the spiiead 
and the whorled structures. These, as being alike on all sides, are similarly 
distinguished from arrangeroonts that are alike on two sides onl 

+ It should be added that this change of distribution in not due to 
‘change in the relative positions of the insertions of the leaves but to thelr 
twiatings, 
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all round; while those of the other, which sproad Iatorally, 
bear their leaves on the two sides. In trees with better- 
developed leaves, the same principle is more or less manifest 
im proportion as the leaves are more or less enabled by their 
structures to maintain fixed positions. Where the foot-stalks 
are long and slender, and where, consequently, each leaf, 
aceorling to its weight, the flexibility and twist of ite foot- 
stalk, and the direction of the branch it grows from, falls 
into some indefinite attitude, the relations are obseured. But 
where the foot-stalks are stiff, ax in the Laurel, it will be 
| found, as before, that from the topmost and upward-growing 
branches the leaves diverge on all sides; while the under- 
most branches, growing out from the lo of those above, 
have their leaves eo turned as to bring them into rows hori- 
vontally spread out on the two sides of each branch. 

A kindred truth, having like implications, comes into view 
when we observe the relative sizes of leaves on the same 
branch, where their sizes differ, 
Fig. 205 represents a branch of a 
‘Horse-chestaut, taken from the 
lowermost fringe of the tree, where 
the light has been to a great extent 
intercepted from all but the most 
protruded parts. Beyond the fact 
that the leaves become by appro- 
priate growths of their foot-stalks 
bilaterally distributed on this droop- 
ing branch, instead of being distributed symmetrically all 
round, as on one of the ascending shoots, we have here to 
‘note the fact that there is unequal development on the upper 
and lower sides, Each of the compound leaves acquires a 
foot-stalk and leaflets that are large in proportion to the 
wupply of light; and hence, as we descend towards the bot- 
tom of the tree, the clusters of leaves display increasing 
contrasts, How marked these contrasts become will be seen 
comparing a and 5, which form one pair of leaves that 
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are normally equal, or ¢ and d, which form another pair nor- 
mally equal. 

‘Let us not omit to note, while we have this case before us, 
the proof it affords that these differences of development are 
in a considerable degree determined by the different con- 
ditions of the parte after they have been unfolded. ‘Though 
those inequalities of dimensions whence the differentiations 
of form result, may be in many eases largely due to the 
inequalities in the circumstances of the parts while in the 
bud (which are, however, representative of inequalities in 
ancestral circumstances); yet these are clearly not the sole 
causes of the unlikenesses which eventually arise. This bi- 
Juteralness reeulting from the unequal sizes of the leaves, 
must be considered as due to the differential actions that 
come into play after the leaves have assumed their typical 
structures. 


$225. How, in the arrangement of their twigs and leaves, 
branches tend to lapeo from forms that are approximately 
symmetrical to forms that are quite asymmetrical, need not 
“be demonstrated: it {s sufficiently conspicuous. But it may 
be well to point out how the tendency to do this further 
enforces our argument, The comparatively regular budding- 
out of secondary axes and tertiary axes, does not usually 
produce an aggregate which maintains its regularity, for 
the simple reason that many of the axes abort. ‘Terminal 
buds are some of them destroyed by birds; others are bur- 
rowed into by insects; others are nipped by frost; others 
are broken off or injured during gales of wind. ‘The envi- 
ronment of each branch and its branchlets is thus over 
being varied on all sides: here, space being left vacant by 
the death of some shoot that would ordinarily have occupieg. 
it; and there, space being trenched on by the lateral groweyyy 
of some adjacent branch that has had its main axis brOW ce, 
Hence the asymmetry, or heterogeneity of form, oe 
by the b n asymmetrical distritoe yy 
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of incident forces—a result and a cause which go on ever 
complicating. 


§ 226. One conspicuous trait in the shapes of branches 
has still to be named, heir proximal or attached ends 
differ from their distal or free ends, in the same way that 
the lower ends of trees differ from their upper ends. This 
fact, like the fact to which it is here paralleled, has had its 
significance obscured by ita extreme familiarity, But it 
shows in a striking way how the most differently-conditioncd 
parts become the most strongly contrasted in their struc- 
tures. A phwnogamic axis is made up of homologous sog- 
ments, marked off from one another by the nodes; and a 
compound branch consists of groups of such segments. ‘The 
earliest-formed segments, alike of the tree and of cach 
branch, serve as mechanical supports and channels for sap to 
the succoseive generations of aogmonts that grow out of 
them; and become more and more shaded by their progeny 
‘as these increase, Hence the progressively-increasing con- 
trasts which, while mainly due to the unlikenesses of bulk 
accompanying differences of age, are in part due to the un- 
likenesses of structure which differences of relation to the 
environment have caused. 





































$227. ‘Thus, then, it is with the proximate parts of planta 
as it is with plants as wholes. The radial symmetry, the 
bilateral symmetry, and the asymmetry, which branches dis- 
play in different trees, in different parts of the same tree, and 
‘at different stages of their own growths, prove to be all con- 
sequent on the ways in which they stand towards the entire 
plemus of surrounding actions. The principle that the 
jrowths are unequal in proportion as the relations of parts 
f@ the environment are unequal, serves to explain all the 
Teadling traits of structure. 
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CHAPTER IX. 





TIE SILAPeS OF LEAVES, 

§ 228. Newr in the descending order of composition come 
compound leaves, ‘The relative sizee and distributions of 
their loaflets, as affecting their forms as wholes, have to be 
considered in their relations to conditions. Figs, 206, 207, 














represent Ieayes of the common Qzalis and of the Marsi 
in which radial symmetry is as completely displayed as the 
emall number of leaflets permits. ‘This equal development 
of the leaflets on all sides, occure where the foot-stalks, grow: 
ing up vertically from creeping or underground stems, are 


so long that the leaves either do not interfere with one 
another or do it in an inconstant way: the leaflets are not 
differently conditioned on different sides, as they are where 
the foot-stalks grow out in the ordinary manner. How un- 
likeness of position influences the leaflets is clearly shown in 
a Clover-leaf, Fig. 208, which deviates from the Oxalis-leaf 
but slightly towards bil 








»6 from it but 
slightly in the attitude of its petiole; which is a little in- 





alness, as it devis 





clined away from the others borne by the same procumbent 
axis. A familiar example of an almost radial symmetry 
along With almost equal relations to surrounding conditions, 
occurs in the root-leaves of the Lupin, Fig, 209 ). Here 
though we have lateral divergence from a vertical axis, yet 
the long foot-stalks preserve nearly erect positi 
carry their le 








and 
yes to such distances from the axis, that the 
development of the leaflets on the side next it is not much 
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hindered, Still the interference of the leaves with one 
another is, on the average, somewhat greater on the proximal 
side than on the distal side; and hence the interior leaflets 
are rather less than the exterior leaflets. In further proof of 
which influence, let it be added that, as shown in the figure, 
at a, the leaves growing out of the flowering-stom deviate 
towards the two-sided form more decidedly, 'T'wo-sidedness 
is much greater where there is a greater relative proximity 
of the inner leaflets to the axis, or where the foot-stalk 
approaches towards a horizontal position. The Horse-chest- 
nut, Fig. 205, already instanced as showing how the arrange- 
ments and sizes of leaflets are determined by the incidence of 
forces, serves also to show how the incidence of forces deter- 








mines the relative sizes and arrangements of leaflets, Fig. 
210, which shows a leaf of the Bombax, further illustrates 
this relation of structure to condition 

Compound leaves that are completely bilateral, present us 
with modifications of form exemplifying the same general 
truth in another way. In them the proximal and distal 
parts have nono of that resemblance which we see in those 
intermediate forms just deseribed. ‘The portion next the axis 
and the portion furthest from the axis are entirely different ; 
and the only likeness is betw the wings or leaflet 
opposite sides of the main foot-stalk or mid-rib, On turning 
back to Fig. 65, it will be econ that the compound leaf there 
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drawn to exemplify another truth, serves also to exemplify this 
truth: the homologous parts a, b, ¢, d, while they are unlike 
one another, are, in their main proportions, severally like 
the parts with which they are paired. And here Tet us not 
overlook a characteristic which is less conspicuous but not 
less significant. Each of the lateral wings has winglets 
that are larger on the one side than on the other; and in 
each case the two sides are dissimilarly conditioned. Even 
in the several components of each wing may be traced a like 
divergence from symmetry, along with « like inequality in 
the relations to the rest: the proximal half of each leaflet 
is habitually larger than the distal half. In the leaves of 
the Bramble, previously figured, kindred facts are presented. 
How far such differences of development are due to the posi- 
tions of the parts in the bud; how far the respective 
spaces available for the parts when unfolded affect them; 
and how far the parts are rendered unlike by unlikenesses 
in their relations to light; it is difficult to say. Probably 
these several factors operate in all yaricties of proportion. 
That tho habitual shading of some parts by others largely 
aide in causing these divergences from symmetry, is very 
instruetively shown by the compound leaves of the Cow- 
parsnip. Fig. 211 represents one of these. While the leaf as a 





whole is bilaterally syrametrical, cach of the wings has an un- 
symmetrical bilateralness: the side next the axis being larger 
than the remoter side. How does this happen? Fig. 212, 
which is a diagrammatic section down the mid-rib of the 
leaf, showing its inclined attitude and the positions of the 


TT 











‘THE SHAPES OF LEAVES. 155 


wings a, b, ¢, will make the cause clear. As the wings 

like the bars of a Venetian blind, each intercepts 
some light from the one below it; and the one below it 
thus suffers more on its distal side than on its proximal side. 
‘Hence the smaller development of the distal side. ‘That this 
‘ig the cause is further shown by the proportion that is main- 
tained between the degree of obscuration and the degroe of 
non-development ; for thix unlikeness is greater between the 
two sides a and a’, than between b and 0’ or ¢ and ce’, at the 
same time that the interference is greater in the lower wings 
than in the upper, Of couree in this case and in the kindred 
cases hereafter similarly interpreted, it is not meant that 
this differentiation is consequent solely, or even chiefly, on 
the differential actions experienced by the individual plant. 
‘Though there is good reason to believe that the rate of growth 
in each part of each leaf is affected by the incidence of light, 
yet contrasts 2o marked and so systematic as these are not 
explicable without taking into account the inheritance of 
modifications cither functionally caused or caused by epon- 
taneous variation. Clearly, the tendency will be towards 
the preservation of a plant which distributes its chlorophyll 
in the most advantageous way ; and hence there will always be 
a gravitation towards a form in which shaded parts of leaves 
are undeveloped. 








$229. From compound leaves to simple ones, we find 
transitions in leaves of which the divisions are partial in- 
stead of total; and in these we see, with equal clearness, the 
relations between forms and positions that have been traced 
thus far. Fig. 213 is the leaf of a Winter-aconite in which, 
round a vertical petiole, there is a radial distribution of half- 
separated leaflets, ‘The Ceoropia-leaf, Fig, 214, shows us a 
two-sided development of the parts beginning to modify, 
but not obliterating, the all-sided arrangement; and this 
‘mixed symmetry occors under conditions that are interme- 
iate, A more marked degree of the same relation is pre- 
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sented in the leaf of the Lady's Mantle, Fig. 215. And 
then in the Syeamore and the Vine, we have a cleft type of 
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leaf in which a decided bilateralness of form co-exists with a 
decided bilateralness of conditions. 

The quite simple leaves to which we now descend, exhibit, 
very distinetly, a parallel series of facts. Where they grow 
up on long and completely-independent foot-stalks, without 
definite subordination to some central vertical axis, the 
leaves of water-plants are symmetrically peltate. Of this 
the sacred Indian-bean, Fig. 216, furnishes an example. Here 
there is only a trace of bilateralness in the venation of the 
leaf, corresponding to the very emall difference of the con- 
ditions on the proximal and dista) sides. In the Victoria 
regia, Fig. 21%, the foot-stalks, though radiating almost 
horizontally from a centre, are so long as to keep the leaves 
quite remote from one another; and in it each leaf is almost 
symmetrically peltate, with a bilateralnesa indicated only by 
a seam over the line of the foot-stalk. The leaves of the 
Nympho, Fig. 218, more closely clustered, and having less 


a6, a7 20 
6 ——— ees 
room transversely than longitudinally, exhibit a marked 


advance to the two-sided form; not only in the excess of 
the length over the breadth, but in the existence of a cleft, 
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where in the Vietoria regia there ix morely a seam. Among 
Jand-plants similar forms are found under analogous condi- 
tions. The common Hydrocotyle, Fig. 219, which sends 


az 
é : 
‘ip is 
‘up direct from ita roots a few almost upright leaf-stalks, has 
these surmounted by peltate leaves; which leaves, however, 
diverge slightly from radial symmetry in correspondence with 
the slight contrast. of circumstances which their grouping in- 
volves, Another case is supplied by the Nasturtium, Fig. 
220, which combines the characters—a creeping stem, long 
Teaf-stalks growing up at right angles to it, and unsymme- 
trically peltate leaves, of which the Icaat dimension ia, on 
the average, towards the stem. But perhapg the most 
striking illustration is that furnished by the Cotyledon umbi- 
lieus, Pig. 221, in which different kinds of symmetry occur 
in the leaves of the same plant, along with differences in their 
relations to conditions, The root-leaves, a, growing up on 
vertical petioles before the flower-stalk makes its appearance, 
fare symmetrically peltate; while the leaves which subse- 
quently grow out of the flower-stalk, }, are at the bottom 
transitionally bilateral, and higher up completely bilateral. 
That the bilateral form of leaf is the ordinary form, 
corresponds with the fact that, ordinarily, the circum- 


stances of the leaf are different in the direction of the plant’s 
axis from what they are in the opposite direction, while 
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found gome in which conformity to the gencral law is not 
obvious. The disoussion of these apparent anomalies would 
carry us too much out of our course. A clue to the expla- 
nation of them will, I believe, be found in the explanation 
presently to be given of certain kindred anomalies in the 
forms of individual flowers. 


$233. The radially-symmetrical form is common to all 
individual flowers that have yertical axos. In plants which 
are practically if not literally uniaxial, and bear their flowers 
at the ends of upright stalks, so that the faces open hori- 
zontally, the petals are disposed in an all-sided way, Cro- 
cuses, Tulips, and Poppies are familiar examples of this 
structure occurring under these conditions. A Ranunculus 
flower, Fig. 228, will serve ax a typical 

one. ‘Similarly, flowers which have 


gosh tem 
peduncles flexible enough to let them 
hang directly downwards, and are not 
laterally incommoded, are also radial; 
as in the Fuchsia, Fig. 220, as in Cycla- 


men, Hyacinth, &c. These relations of 
form to position are, 1 believe, uniform. Though some flowers 
earried at the ends of upright or downright stems have 
oblique shapes, it is only when they have inclined axes or 
are not equally conditioned all round, No solitary flower 
having an axis habitually vertical, presents a bilateral form. 
This is as we should expect; since flowers which open out 
their faces horizontally, whether facing upwarde or down- 
wards, are, on the average, similarly affected on all sides. 

At first it seems that Howers thus placed should alone be 
radial; but further consideration discloses conditions under 
which this type of symmetry may exist in flowers otherwise 
placed. Remembering that the radial form is the primitive 
form—that, morphologically speaking, it resulta from the 
contraction into a whorl, of parts that are originally arranged 
in the same spiral succession as the leaves; we must expect — 
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‘it to continue wherever there are no forces tending to change 
it, What now mast be the forces tending to change it? 
They must be forces which do not simply affect differently 
the different parts of an individual flower. They must be 
forees which affect in like contrasted ways the homologous 
parts of other individual flowers, both on the same plant and 
on surrounding planis of the same species, A permanent 
modification can be expected only in cases where, by inherit- 
ance, the effects of the modifying causes accumulate. That 
they may accumulate the flowers must keep themselves so 
related to the environment, that the homologous parts may, 
generation after generation, be subjected to like differentiating 
forces. Hence, among a plant's flowers which maintain no 
uniformity in the relations of their parts to surrounding in- 
fluences, the radial form will continue. Let ua glance at the 
several cavees which entail this variability. When 
flowers are borne on many branches, which have all inclina- 
tions from the vertical to the horizontal—as are the flowers 
of the Apple, the Plum, the Hawthorn—they are placed in 
countless different attitudes, Consequently, any spontaneous 
variation in shape which might be advantageous were the 
attitude constant, is not likely to be advantageous; and any 
functionally-produced modification jn one flower, is likely to 
he neutralized in offspring by some opposite functionally-pro- 
duced modification in another flower. It is quite compre- 
hensible, therefore, that irregularly-branched plants should 
thus preserve their laterally-borne flowers from under- 


me 





tive radial symmetry. 
Fig. 230, representing a 
blossoming twig of the 
Blackthorn, —_ illustrates 
this. Again, upright 





such as those of the Saxifrage exemplified in 
231, and irregular terminal groups of flowers other- 
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wise named, furnish conditions under which there is simi- 
larly an absence of determinate relations between the 
parts of the flowers and the incident forces; and hence an 
absence of bilateralness, This inconstaney of rela- 

tive position is produced in various other ways—by extreme 
flexibility of the stems, as in the Blue-bell; by the ten- 
dency of the peduncles to curl to a greater or leas extent 

in diverse directions, as in Pyrola; by special twistings of 

the peduncles, differing in degree in different individuals, 

as in Convolyulus; by unusual laxity of the petals, as in 
Lythrum. Elsewhere the like general result arises from a 
progressive change of attitude, ax in Myosolis, the stem of 
which us it unfolds enuses ench flower to undergo a transition 
from an upward position of the mouth to a lateral position; 

or as in moat Crucifer@, where the like effect follows from an 
altered direction of the peduncle. 

‘There are, however, certain seemingly-anomalous cases 
where radial symmetry is maintained by laterally-placed 
flowers, which keep their parts in relative positions that are 
tolerably constant. ‘The explanation of these exceptions is 
not manifest, It is only when we take into account certain 
incident actions liable to be left unremembered, that we find 
a probable solution, It will be most convenient to postpone 
the consideration of these eases wnlil we have reached the 
general rule to which they are exceptions. 





$234. Transitions varying in degree from the radial to- 
wards the bilateral, are common in flowers that are borne at 
the ends of branches or axes which are inclined in tolerably 
constant ways, We may see this in sundry garden flowers 


a92 233 =A such as Petunia, or such as 
; Fa Tsoloma and Achimenes, 
shown in Figs, 232 and 233. 
If theao plants be examined, 


it will be perceived that the 
mode of growth makes the flower unfold in a partially one- 
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sided position; that ifs parts of attachment have rigidity 
sulficient to prevent this attitude from being very much in- 
terfered with; and that though the individual flowers vary 
eomewhat in their attitudes, they do not vary to the extent of 
neutralizing the differentiating conditions—there remains an 
average divergence from a horizontal unfolding of the flower, 
to account for its divergence from radial symmetry. 

‘We pass insensibly from forms like these, to forms having 
bWateral symmetry strongly pronounced. Some such forma 
oceur among flowers that grow at the onde of upright stems; 
ae in Pinguicula, and in the Violet tribe, But this happens 
only where, in successive generations, the flower unfolds its 
parts sideways in constant relative position. And in the 
immense majority of flowers having well-marked two-sided 
forms, the habitual exposure of the different parts to different 
sets of forces, iz effectually seeured by the mode of placing. 
As illustrations, I may name the genera—Orchis, Utricularia, 
Salvia, Salix, Delphinium, Mentha, Teucrium, Ajuga, Ballola, 
Galeopsie, Lamium, Stachys, Nepeta, Marrubium, Calamintha, 
Melittis, Prunella, Scutellaria, Bartsia, Euphrasia, Rhinan- 
thus, Melampyrum, Pedicularis, Linaria, Digitalis, Oro- 
banche, Pumaria, &c,; to which may be added all the Grasses 
and all the Papilionacer. In most of these cases the flowers, 
being sessile on tho sides of upright atoms, are kept in quite 
fixed attitudes; and in the other cases the peduneles are very 
short, or else stiff enough to secure general uniformity in the 
positions. A few of the more marked types are shown in 
Figs. 234 to 241. 
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Very instructive evidences here meet us. Sometimes within 
the limits of one genus we find radial flowers, bilateral 
flowers, and flowers of intermediate characters, The genus 

a 
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Begonia may be instaneed, In B. rigida the flowers, various 
in their attitudes, are in,their more conspicuous characters 
radial: though there is a certain bilateralness in the calyx, 
the five petals are symmetrically disposed all round. B. 
Wageneriana furnishes two forms of flowers. On the same in- 
dividual plant may be found radial flowers like Fig. 242. and 
others, like Fig, 243, which are merging into the bilateral. 
More decided is tho bilateralness in B. albo-coceinea, Fig. 244; 
and still more in B. nitida, Fig. 245. While in B. heractei- 


LEGGE 


folia, Fig. 246, the change reaches its extreme by the dis- 
appearance of the lateral petals. On examining the modes of 
growth in thexe several species, they will be seen to explain 
these changes in the manner alleged. Even 
more conclusive are the nearly-allied transformations occur- 
ring in artificially-producod varieties of the same species. 
Gloxinia may be named in illustration. In Fig. 247 ie repre- 
sented one of the ordinary forms, which shows us bilateralness 
of shape along with a mode of growth that renders the condi- 
tions alike on the two sides while different above and below, 
248 But in @, erecta, 248, we 

have the flower assuming an 

upright attitude, and at tho 

same time assuming the radial 

type. This is not to be inter- 

preted us a production of ra- 
dial symmetry out of bilateral symmetry, under the action of 
the appropriate conditions. It is rather to be taken as a case 
of what is termed “ peloria”—a reversion to the primitive 
radial type, from which the bilateral modification had been 
derived. The significant inference to be drawn from it is, 
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that this primitive radial type had an upright attitude; and 
that the derivation of a bilateral type from it, occurred along 
with the assumption of an inclined attitude. 

We come now to a group of cases above referred to, in 
which radial eymmetry continues to co-exist with that eon- 
stant lateral attitude ordinarily accompanied by the two- 
sided form. Two examples will suffice; one n very large 
flower, the Hollyhock, and the other a very small flower, the 
Agrimony. Why does the radial form here remain unchanged ? 
and how does ita continuanee consist with the alleged general 
Jaw? 

Until quite recently I have been unable to find any prob- 
ablo answers to these questions. When the difficulty first 
presented itself, I could think of no other possible cause for 
the anomaly, than that the parts of the Hollyhock-flower, 
unfolding spirally as they do, might haye different degrees 
of spiral twist in different flowers, and might thus not be 
unfolded in sufficiently-constant positions. But this seemed 
8 questionable interpretation; and one which did not ob- 
viously apply to the case of the Agrimony. Tt was only on 
inquiring what are the special causes of modifications in the 
forma of flowers, that a more feasible explanation suggested 
iteelf; and this would probably never have suggested itself, 
had not Mr. Darwin's investigations into the fortilization of 
Orchids led me to take into account an unnoticed agency. 

The actions which affect the forms of leaves, affect much 
Jess decidedly the forms of flowers; and the forms of flowers 
are influenced by actions which do not influence the forms of 
leaves. Partly through the direct action of incident forces 
and partly through the indirect action of natural selection, 
Jeaves get their parts distributed in ways that moet facilitate 
their assimilative funetions, under the circumstanees in which 
they are placed ; and their several types of aymmetry are thas 
explicable. But in flowers, the petals and fructifying organs 
of which do not contain chlorophyll, the tendency to grow 
moat where the supply of light is greatost, is leas decided, if 
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not absent; and a shape otherwise determined is hence less 
liable to alter in consequence of altered relations to sun and 
air, Gravity, too, must be comparatively ineffective in enus- 
ing modifications: the smaller sizes of the parts, a6 well ag 
their modes of attachment, giving them greater relative 
Hgidlity. Not, indeed, that these ineident forces of the inor- 

gunie world are here quite inoperative. Fig. 

249, representing a species of Campanula, 

shows that the developmente of individual 

flowers aro somewhat modified by the rela- 

tions of their parts to general conditions, But 

the faet to be observed ix, that the extreme 

transformations which flowers undergo are 

not likely to be thus caused: some further 

cause must be sought. And if we bear in 

mind the functions of flowers, we shall find in 
their adaptations to these functions, under conditions that are 
extremely varied, an adequate cause for the different types 
of symmetry, as well as for the exceptions to them. Flowers 
are parts in which fertilization is effected; and the active 
agente of this fertilization are insecta—bees, moths, butter- 
flies, &e. Mr. Darwin hae chown in many cages, that the 
forms and positions of the essential organs of fructification, 
are such as to facilitate the actions of insects in trans. 
ferring pollen from the anthers of one flower to the pisti] of 
another—an arrangement produced by natural selection, 
And here we shall find reason for concluding, that the forms 
and positions of those subsidiary parts which give their 
shapes to flowers, similarly arise by the survival of indie 
viduals which have the subsidiary parts so adjusted as to aid 
this fertilizing process—the deviations from radial symmetry 
being among such adjustments. The reasoning is us fol- 
lows, So long as the axis of a flower is vertical and 
the conditions are similar all round, a bee or butterfly alight- 
ing on it, will be a8 likely to come from one side as from 
another; und hence, hindrance rather than facilitation would 
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‘result if the several sides of the flower did not afford it equally 
free access. In like manner, fowers which are distributed 
over a plant in such ways that their dises open out on 
planes of all directions and inclinations, will have no tend- 
ency to lose their radial symmetry; since, on the average, 
no part of the periphery is differently related to insect- 
ageney from any other part. But flowers so fixed as to 
open out sideways in tolerably-constant attitudes, have 
their petals differently related to insect-agency. A bee or 
butterfly coming to a laterally-growing flower, docs not settle 
on it in one way og readily as in another; but almost of 
necessity settles with the axis of its body inclined upwards 
towards the stem of the plant. Hence the side-petals of a 
flower so fixed, habitually stand to the alighting insect in 
relations different from those in which the upper and lower 
petals stand; and the upper and lower petals differ from one 
another in their relations to it. If, then, there so arises an 
habitual attitude of the insect towards tho petals, there is 
likely to be some arrangement of the petals that will be 
most convenient to the insect—will most facilitate its entrance 
into the flower. ‘Thus we see in many cases, that a long 
undermost petal or lip, by enabling the insect to settle in 
such way as to bring its head opposite to the opening of the 
tube, aids its fertilizing agency. But whatever be the special 
modifications of the corolla which facilitate the actions of 
the particular insects concerned, all of them will conduce to 
bilateral symmetry; since they will be alike for the two sides 
but unlike for the top and bottom. And now we 
are prepared for understanding the exceptions. Flowers 
growing sideways can become thus adapted by survival of 
the fittest, only if they are of such sizes and structures that 
ineeet-agoncy can affect them in the way described. But 
in the plants named above, this condition is not fulfilled. A 
Hollyhock-flower is so open, as well us 20 large, that its petals 
are not in any appreciable degree differently related to the 
insects which visit it. On the other hand, the flower of the 
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Agrimony is 50 small, that unless visited by insects of a 
corresponding size which settle as bees and butterflies settle, 
its parts will not be affected in the alleged manner. That 
all anomalies of this kind can at once be satisfactorily ex- 
plained, is scarcely to be expected: the circumstances of each 
ease have to be etudied. But it seems not improbable that 
they are due to causes of the kind indicated.* 


$235. We have already glanced at clusters of flowers for 
the purpose of considering their shapes as clusters. We must 
now return to them to observe the modifications undergone 
by their component flowers, Among these occur illustrations 
of great signifleance. 

An example of transition from the radial to the bilateral 
form in clustered flowers of the same species, is furnished by 
the cultivated @eraniums, called by florists Pelargoniums. 
Some of these, bearing somewhat small terminal clusters of 
flowers, which are closely packed together with their faces 
almost upwards, have radially-symmetrical flowers, But 
among other varieties having terminal clusters of which the 
members are mutually thrust on one side by crowding, the 
flowers depart yery considerably from the radial shape 

* It is objoctod to the above intorprotation that “many flowers of sizes 
Intermediate between the Hollybock and the Agrimony are radially eym= 
metrical and yet grow nideways, I may mention various Zitiace, eg. CAYO 
rophytum, Kueonis, Muscark, Anthericum. Sogittaria, also, bas many of ite 
flowera in thin position, Purther, if the higher insects alight on flowers In 
« definite way, ax they do, the parts of the flower must bear different rela- 
tions to the visiting inaoct, however large, go that flowers unvisited ought 
all to be rygomorphio.” My reply Is that in the sense which here eoncerne 
‘us, the different petals of the Hollyhock-flower do not bear different rela: 
tions to the visiting Insoet; since, practically, the upper and lateral potale 
‘bear no physical relations at all: in #0 fa visiting bee ie concernnt 


they aro non-existent, The argument implies that change In the form of a 
Hower from the radial to the hilateral ix likely to take place only when the 
‘contact-relations of the petals to the rlsiting insect, are such as to make seme 
forms facilitate ite action more than others; and the large petals of The 
Hollyhock eannot facilitate {t notion at all In respect of the Lélimere= 
‘instanced, it i needful to inquire whether the structures are such that tes 
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towards the bilateral shape. AA like result occurs under like 
Jeandtions i in Rhododendrons and Avaleas, 'The Verbena, too, 
an illustration of radial flowers rendered slightly 
igeaiaed by the slight two-sidedness of their relations to 
‘i other flowers in the cluster. And among the Crucifera a 
> kindred case occurs in the cultivated Candytuft, 
I idence of a somewhat different kind is offered us by 
clustered flowers in which the peripheral members of the © 
clusters differ from the central members; and this evidence 
is especially significant where we find allied species that do 
not exhibit the deviation, at the same time that they do not 
fulfil the conditions under which it may be expected. 'Uhus, 
‘in Scabiova succisa, Fig. 250, which benre its numerous amall 
flowers in a hemispherical knob, the component flowers, 
similarly circumstanced, are all equal and all radial; but in 
Seabiosa arvensis, Fig. 251, in which the numerous sinall 
flowers form a flattened disk  ,, . 
only the confined central ones Se 
are radial: round the edge the 2 
flowers are much larger and 
conspicuously bilateral. 
But the most remarkable 
and most conclusive proofs of these relations between forms 
and positions, are those given by the clustered flowers called 
Umbellifere. In some cases, a8 where the component flower 
‘have all plenty of room, or where the surface of the umbel is 
more or less globular, the modifications are not conspicuous ; 
but where, as inViburnum,Cherophyllum, Anthriscus, Torilis, 
Coucalis, Daucus, Tordylium, &e., ave flowers clustered 
‘in such ways as to be differently conditioned, we find a num- 
ber of modifications that are marked and varied in propor- 
tion as the differences of conditions are marked and varied. 
In Cherophylium, where the flowers of each umbellule are 
Ppluced so us to form a flat surface, but where the 
iles are wide apart and form a dispersed umbel, the 
-do not differ from one another; though among the 
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flowers of each umbellule there are decided differences: the 
central flowers being small ond radial, while the peripheral 
ones are large and bilateral. But in other genera, where not 
only the flowers of each umbellule but also the umbellules 
themselves, are closely clustered into a flat surface, the umbel- 
Ines themselves become contrasted; and many remarkable 
secondary modifications arise. In an umbel of Heracleum, 
for instance, there are to be noted the facts ;—first, that the 
external umbellwles are larger than the internal ones; 
second, that in each umbellule the central flowers are less 
developed than the peripheral ones; third, that this greater 
development of the peripheral flowers is most marked in the 
outer umbellulee ; fourth, that it is moet marked on the outer 
aides of the outer umbellules; fifth, that while the interior 
flowers of each umbellule are radial, the exterior ones are 
bilateral; sixth, that this bilateralness is most marked in 
the peripheral flowers of the peripheral umbellules; seventh, 
that the flowers on the outer sides of these peripheral 
umbellules are those in which the bilateralness reaches a 
maximum; and eighth, that where the outer umbellules 
touch one another, the flow- 
ers, being unsymmetrieally 
placed, are unsymmetrically 
bilateral.* The like modifi- 
cations are displayed,though 
not in €0 clearly-traceable a 
way, in an umbel of Tordy- 
lium, Fig. 262. Considering 
how obviously these various 
forms are related to the vari- 
ous conditions, we should be 
searooly able, even in the 








* 1 had intended here to Insort a figure exhibiting theko differences; bat 
a4 the Cow-parenip does not flower till July, and as 1 oan find no drawing 
of the umbel which adequately representa its details, T am obliged to take 
another Instance, 
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absence of all other facts, to resist the conclusion that the 
differences in the conditions are the causes of the differences 
in the forms, 

Composite flowers furnish evidence so nearly allied to that 
which clustered flowers furnich, that we may fitly glanco 
at them under the same head. Such a common type of 
this order ax the Sun-flower, exempli- 


fies the extremely marked difference 
_ which arises in many of these plants 
between the cloeely-packed internal 
florets, cach similarly eireumatanced on 
all sides, and the external florets, not 
similarly eircumstanced on all sides. +5 
Ta Fig, 253, representing the inner and 


outer florets of a Daisy, the contrast is 
marked between the small radial corolla of the one and the 
larger bilateral corolla of the other. In many cases, how- 
ever, this contrast is leas marked: the Inner florets also 
having their outward-growing prolongations—a difference 
possibly related to some difference in the habits of the insects 
that fertilize them. Nevertheless, these composite flowers 
which have inner florets with strap-ehaped corollas out~ 
wardly directed, equally conform to the general principlo; 
both in the radial arrangement of the assemblage of florets, 
and in the bilateral shape of each floret; which has its 
parts alike on the two sides of a line passing from the centre 
of the assemblage to the cireumference. Certain 
ther members of this order fulfil the law somewhat differ 
ently. In Centaurea, for instance, the inner florets are smal 
and vertical in direction, while the outer florets are large aril 
Juteral in direction. And here may be remarked, in passin 
a clear indication of the effect which great flesibility of the 
petals has in preventing a flower from losing its original 
_ radiate form ; for while in C. cyanus, the large outward-grow- 
florets, having short, «tiff divisions of the corolla, are 
Dilateral, in C. scabioso, where the divisions of the 
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corolla are long and flexible, the radial form is scarcely at 
all modified. On bearing in mind the probable relations of 
the forms to. insect-agency, the meaning of this difference 
will not be difficult to understand.* 


$286. In extremely-varied ways there are thue re-illus- 
trated among flowers, the genera! laws of form which leaves 
and branches and entire plants disclose to us. Composed as 
each cluster of flowers is of individuals that are originally 
similar; and composed as each flower is of homologous foliar 
organs; we sce both that the like flowers become unlike and 
the like parts of each flower become unlike, where the posi- 
tions involve unlike incidence of forces. The symmotry 
remains radial where the conditions are equal all round; 
shows deviation towards two-sidedness where there is slight 
two-sidedness of conditions; becomes decidedly bilateral 
where the conditions are decidedly bilateral; and passes into 
an unsymmetrical form where the relations to the environ- 
ment are unsymmetrical, 

* Tt has been pointed out to me that “the extreme development of the 
corolla so often found in the outer flowors or on the outer aide of the outer 
flowers in closely-pncked Taflorescences, associated as it often is with disap- 
Penrance of stamens or carpels or both, is usually put down to specialization 
of these outer flowers for attractive purposes Since the whole inflorescence 
is increnzed in conspicuousness by such a modification, it in supposed that 
natural welection favoured those plants which sacrificed a portion of thelr 
rood bearing capacity for tho supposod greater advantage of scouring moro 
fosect visits.” But granting this interpretation, it may atill be bold that 
inorvase of altractivencas dun to increase of area must be achicved by florets 
tthe poriphery, and that their ability to achieve it depends on thoir having 
outer, unoccupied, space which the inner florets have not; so that, though 
‘a more Indirect way, their different development is determined by different 
‘exposure to conditions. 

















CHAPTER XI. 


. 
‘THE SITAPES OF VEGETAL CELIA, 


$237. We come now to aggregates of the lowest order. 
Already eomething has been gaid (§217) concerning the 
forms of those morphological units which exist as indepon- 
dent plants. But it is bere requisite briefly to note tho 
modifications undergone by them where they become compo- 
nents of larger plants, 

Of the numerous cell-forms which are found in the tissues 
of the higher plants, it will suffice to give, in Ags 254, re- 
presenting a section of 
a leaf, a single example, 
In this it will be seen 
that the cells forming 
the upper and lower eur- 
faces, a and 6, have dif- 
ferences of shape related 
to differences in the i 
dence of forces: they 
tore or less flattened in 
relation to the envirenment. The underneath cella at c, 
form a class which, similarly exposed to light at their 
outer ends, and, as we may assume, largely developed in 
adjustment to their active assimilative functions, arc, by 
mutual presure, made to grow more in the direction of their 

~ lengths than in the direction of their breadths. Then on 
the other side we sce that the cells d, next above the outer 
layer, while approximately similar, become more and more 
_ dissimilar as thoy diverge from the surface, and are quite 
195 
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irregular in the interior ¢, where there ia no definiteness in 
the conditions to whieh they are exposed. Thus the diver 
gences of these cells from primordial sphericity are such as 
correspond with unlikenesses in their circumstances, And 
throughout the more complex modifications which the cells 
of other tissues exhibit, the like correspondences hold. 

Among plants of a lower order of aggregation, we have 
nlrendy xcen how cells become metamorphosed as they become 
integrated into masses haying definite organizations, The 
higher Alga, exemplified in Figs. 32, 34, 35, show this very 
clearly, Here the departure from 
the eimple cell-form to the form 
of an elongated prism, is mani- 
festly subordinated te the con- 
@trasts in the relations of the 
parts. And it is interesting to ob- 
serve how, in one of the branches 
of Fig. 32, we pass from the small, 
almost-spherical cells which ter- 
minate the branchlets, to the 
Jarge, much-modified cells which 
join the main stem, through gra- 
dations obviously related in their changed forms to the 
altered actions their positions expose them to. 

More simply, but quite aa conclusively, do the inferior 
Alga, of which Figs. 19-23 are examples, show us how 


as 





cells pass from thein original spherical symmetry into radial 
symmetry, a8 they past from a state in which they are simi- 
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Jarly-conditioned on all sides, to a state in which two of their 
opposite aides or ends are conditioned in ways that are like 
one another, but unlike the ways in which all othor sides are 
conditioned. 

Still more instructive are the morphological differentia~ 
tions of those protophytes in which the first steps towards a 
higher degree of integration are shown. In Vig. 10, represent 
ing one of the transitional forms of Desmidiacea, it is to be 
noted that besides the difference between the tranaverse and 
longitudinal dimensions, which the component units display 
in common, the two end-units differ from the rest: they have 


x pee a 





appendages which the rest have not. Once more, where the 
integration ie carried on in euch ways as to produce not strings 
but clusters, there arise contrasts and correspondences just 
such as might be looked for. All the four members of the 
group shown in Fig, 12, are similarly conditioned ; and cach 
of them has a bilaterel shape answering to its bilateral rela- 
tions. In Fig. 14 we have a number of similarly-bilateral 
individuals on the circumference, including a central in- 
dividual differing from the rest by having the bilateral 
charactor nearly obliterated. And then, in Fig. 15, we have 
two central components of the group, devinting more deei- 
‘dedly from these that surround them.* 
* One of my critice writes >—" This chapter might of course be enormously 
x not only a+ in the preceding ones by citation of quite slmllar cases, 
by the Introduction of fresh groups of cases.” 











CHAPTER XII. 
CHANGES OF SIAPE OTHERWISE CAUSED. 


§ 238. Brsiprs the more special causes of modification in 
the shapes of plunts and of their parts, cortain more general 
causes must be briefly noticed. These may be described as 
consequences of variations in the total quantities of the 
matters and forces furnished to plants by their environments. 











Some of the changes of form so produced are displayed by 
plants as wholes, and others only by their parts, We will 
glunce at them in this order. 


8239. Tt is a familiar fact that luxuriant shoota have 
relatively-long internodes; and, conversely, that a shoot 
dwarfed from lack of sap, has its nodes closely clustered : a 
concomitant result being that the lateral axes, where these 
are dev 
other eaze near together. fF 255 represents a branch to 
tho parts of which the longer and 
shorter internodes so resulting give 
differential characters. A whole tree 
being in many cases simultaneously 
thus affected by states of the earth or 
the air, all parts of it may haye such 
¥ and, 
indeed, such variations, following more 
or less regularly the changes of the 








oped, become in the one case far apart and in the 








ations improssed on thom; 





wons, give to many trees manifest 
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traits of structure. Tn Fig. 256, a shoot of Phyllocactus 
‘crenatus, we have an interesting example of a variation 
essentially of the same nature, little as it appears to be so, 
For each of the lateral indentations is here the seat of an 
axillary bud; and these we see are separated hy internodes 
which, becoming broader as they become longer, and narrower 
as they become shorter, produce changes of form that corre- 
spond with changes in the luxuriance of growth. 

‘To complete the statement it must be added that these 
variations of nutrition often detormine the development or 
non-development of lateral axes; and by so doing cause still 
more marked structural differences. The Fox-glove may be 
named asa plant which iMustrates this truth* 


$240. From the morphological differentintions caused by 
‘unlikenesses of nutrition felt by the whole plant, we pass 
now to those which are thus caused in some of its parts and 
not in others. Among such are the contrasts between 
flowering axes, and the axes that bear leaves only. It has 
already been shown in $78, that tho belief expressed by 
Wolff in a direct connexion between fructification and innu- 
trition, is justified inductively by many facts of many kinda, 
Deduetively too, in $79, we saw reason to conclude that such 
a relation would be established by survival of the fittest; 
seeing that it would profit a species for its members to begin 
sending off migrating germs from the ends of those axes 
which innutrition prevented from further agamogenetic mul- 
 tiplieation. Once more, when considering the nature of the 
phanogamic axis, we found support for this belief in the fact 

* Natural selection may havo operated in establishing a constitutional 
tendency to other sudden abridgments. Mr. Tansley alleges that this Is a 
parteanse of the varying distritvution of leaves, He says:—"I have myself 
made some obverrations on the length of internodes in the Beech, and am 
matinfied that it follows quite other laws, connected with the sulteblo dis 
of the faves on the branch. Although T have not had tho oppor- 
y of following up this line of work *o ws in any way to generalize the 
a al that ‘indirect equilibration” is a widespread cause of such 
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that the components of a flower exhibit a reversion to that 
type from which the phanogamic type hae probably arisen— 
4 reversion which the laws of embryology would lead us to 
look for where innutrition had arrested development. 

Hence, then, we may properly count those deviations of 
structure which constitute inflorescence, as among the mor- 
phological differentiations produced by local innutrition. I do 
not mean that the detailed modifications which the essential 
and subservient organs of fructification display, are thus 
accounted for: we have seen reason to think them otherwise 
caused. But I n that: the morphological characters which 
distinguish gamogenctic axes in general from agamogenetic 
axes, Buch as non-development of the internodes and dwarf- 
ing of the foliar organs, are primarily results of failure in 
the supply of some material required for further growth.* 








§ 241. Another trait which has to be noticed under this 
head, is the spiral, or rather the helical, arrangement of 
parts. The successive nodes of a phenogam habitually bear 
their appendages in ways implying more or leas twist in the 
substance of the axis; and in climbing plants the twist is euch 








* Tt ik but Just to the memory of Wolff, here to point out that he was 
immensely in advance of Goothe in his rationale of those motamorphosos. 
Whatever greater elaboration Goethe gave to the theory considered ay an 
Induction, scoms to me more than counterbalanced by the Ireatlonality of bik 
deductive interpretation; which unites mediwval physiology with Platonic 
Philosophy, A dominant idea with him fs thot leaves exist for the purpose of, 
carrying off crude juloos —that “as long as there are crude juices to be carried 
off, tho plant must bo provided with organs competent to effect the task: 
that while “the feos pure fluids are got rid of, purer ones are introduced '? 
and that “If nourishment {s withheld, that operation of nature (flowering) is 
facilitated and hastened; the organs of the nodes (loaves) become more 
refined in texture, the action of the purified juices becomes atrongor, and the 
transformation of parts having now becomo possible, takes place without 
dolay.” ‘Thin boing the proximate explanation, the ultimate explanation is, 
that Nature wishes to form flowere—that when a plant flowers it “attains the 
end proseribed to Ir by nature"; and that so “Nature at length attains her 
object," Instead of vitiating hie induction by a toleology that ix as unwar- 
mated In ite assignal object aa in its assigned means, Wolff ascribes the 
pheriomena to a canse which, whether sufficient or not, ix strictly scientific in 
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a 10 produce m corkscrew shape, This structure is aserib- 
able to differences of interstitial nutrition, ‘Take a shoot 
whieh is growing vertically. It is clear that if the molecules 
are added with perfect equality on all sides, there will be no 
tendency towards any kind of lateral deviation; and the 
snceessively-produced parts will be perpendicularly over one 
apother. But any inequality in the rate of growth on the 
different sides of the shoot, will destroy this straightness in 
the lines of growth. If the greatest and least rates of mole- 
cular increase happen to be on opposite sides, the shoot must 
wesume a curve of single curvature; but in every other case 
of unequal molecular increase, a curve of double curvature 
must result. Now it is a corollary from the instability of the 
Homogenvous, that the rates of growth on all sides of a shoot 
can never be exactly alike; and it is also to be inferred from 
the same general law, that the grealest and least rates of 
growth will not occur om exactly opposite sides of the shoot, 
at the sume time that equal rates of growth arc preserved by 
the two other sides. Hence, there must almost inevitably 
arise more or less of twist; and the appendages of the inter- 
nodes will so be prevented from occurring perpendicularly 
one over another. 

A deviation of this kind, necessarily initiated by physical 
causes in conformity with the general laws of evolution, is 
likely to be made regular and decided by natural eclection, 
For under ordinary circumstances, a plant profits by having 
its axix so twisted us to bring the appended leaves into posi- 
tions which prevent them from shading one unother. And, 
manifestly, modifications in the forms, sizes, and insertions of 
the leaves, may, under the same agency, lead to adapted 
modifications of the twist. We must therefore ascribe this 
common characteristic of phanogams, primarily to local differ- 
ences of nutrition, and secondarily to survival of the fittest. 





it character, Verlation of nutrition fs unquestionably a “truc canse" of 
‘Yeriation in plant-structure, We have here no imaginary action of « fetitious 
ageney; bat an ascertained action of a kuown agency. 
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It is proper to add that there are some Monocotyledons, 
as Ravenala madagascariensis, in which this character does 
not occur. What conditions of existence they are that here 
hold this natural tendency in check, it is not easy to see.* 


*The Natural History Review for July, 1865, contained an article on 
the doctrine of morphological composition set forth in the foregoing Chaps. 
1. to IIL In this article, which unites exposition and criticiam in a way that 
is unhappily not common with reviewers, it is suggested that the spiral struc- 
ture may be caused by natural selection, When this article appeared, the 
foregoing five pages were standing over in type, as surplus from No. 14, issued 
in June, 1865. 








CHAPTER X11. 


MORPHOLOGICAL DIFFERENTIATION IN ANIMATS. 


$242. Tre general considerations which preluded our in- 
quiry into the shapes of plants and their parts, equally serve, 
so far as they go, to prelude an inquiry into the shapes of 
animals and their parts. Among animals, as among plants, 
the formation of aggregates greater in bulk or higher in de- 
gree of composition, or both, is accompanied by changes of 
form in the aggregutes as wholes as well as by changes of 
form in their parts; and the processes of morphological 
differentiation conform to the same general laws in the one 
kingdom as in the other. 

It is needless to recapitulate the several kinds of modifi- 
cation to be explained, and the several factors that co- 
operate in working them, In so far as these are common 
to plants and animals, the precoding chapters have suf- 
ficiently familiarized them. Nor is it needful to specify 
afresh the several types of ayinmetry and their descriptive 
names; for what is true of them in the one case is true of 
them in the other. There is, however, one new und all- 
important factor which we shall have now to take into 
account; and about this a few proliminary romarks are 


ryjuisite, 





$243. This new factor is motion—motion of the organism 
in relation to surrounding objects, or of the parts of the 
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m in relation to one another, or both. Though there 
are plants, especially of the simpler kinds, whieh move, and 
though a few of the simpler animals do not move; yet moves 
ments are so exceptional and unobtrusive in the one king- 
dom, while they are so general and conspicuous in the other, 
that the broad distinction commonly made is well warranted. 
What, among plants, is am inappreciable cause of morpho- 
logical differentiation, becomes, among animals, the chief 
cause of morphological differentiation, 

Roated animals or animals otherwise fixed, of course pre- 
sent traits of structure nearest akin to those we have lately 
beon studying. The motions of parts in relation to one another 
and to the environment, being governed by the mode of aggre= 
gation and mode of fixing, we are prosonted with morpho- 
logical differentiations similar in their general characters to 
those of plants, and showing us parallel kinds of symmetry 
under parallel conditions. But animals whieh move from 
place to place are subject to an additional class of actions 
and reactions. These actions and reactions affect them in 
various ways according to their various modes of movement. 
Let ux glance at the several leading relations botwoen shape 
and motion which we may expect to fl 

If an organism advances through a homogencous medium 
with one end always foremost, that end, being exposed to 
forces unlike those to which the other end is exposed, may 
be expected to become unlike it; and supposing this to be 
the only constant contrast of conditions, may expect an 
equal distribution of the parts round the axis of moyement— 
a radial symmetry. If, in addition to this habitual 
attitude of the ends, one surface of the body is always upper- 
most and another always lowermost, there arise between the 
top snd bottom dissimilarities of conditions, while the two 
sides remain similarly conditioned. Hence it is inforuble 
that such an organism will be divisible into similar halves 
by a vertical plane pu through its axis of motion—will 
have a bilateral symmetry. We may presume that this 
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symmetry will deviate but little from double bilateralness 
where the upper and under parts are not exposed to strongly- 
contrasted influences; while we may rationally look for 
single bilateral symmetry of a decided kind, in creatures 
haying dorsal and ventral parts conversant with yery unlike 
tegions of thé environment: as in all cases where the moye- 
ment is over a solid surface. If the movement, 
though over a solid surface, is not constant in direction, but 
takes place ag often on one side as on another, radial sym- 
metry may be again looked for; and if the motions are still 
more Yariously directod—if they are not limited to approxi- 
mately-plane surfaces, but extend to surfaces that are dis 
tributed all around with a regular irregularity—an approach 
‘of the radial towards the spherical symmetry is to be antici- 
pated. Where the habite are such that tho inter- 
eoureo betweon the organism and its environment, doos not 
involve sn average equality of actions and teactions on any 
two or more sides, there may be expected either total irregu- 
larity or some divergence from regularity. 

‘The like general relations between forms and incident 
forces are inferable in the component parts of animale, as 
woll as in the animals ns wholes, It is neodless, however, to 
‘ocenpy spice by descriptions of these. Tet us now pass to 
the facts, and see how they confirm, d@ posteriori, the conelu- 
sions here reached d priori. 








CHAPTER XIV, 
THY GENERAL SWAPES OF ANIMALS, 


§244. Cenrary of the Protozoa are quite indefinite in their 
shapes, and quite inconstant in those indefinite shapes which 
they have—the relations of their parts are indeterminate 
both in space and time. In one of the simplor Rhizopoda, at 
least during the nective stage af its existence, no permanent 
distinction of inside and outside is established; and hence 
there can arise no established correspondence between the 
shape of the outeide and the distribution of environing 
actions. But when the relation of inner and outer becomes 
fixed, cither over part of the mass or over the whole of it, we 
have kinds of symmetry that correspond with the habitual 
An Amaba in becoming encysted, 





incidence of fo 
asses from an indefinite, ever-changing form into a spherical 
form; and the order of symmetry which it thus assumes, is 
in harmony with the average equality of the actions on all 
its sides. In Diflugia, Fig. 134, and still better in Arcefla, 
we have an indefinitely-radial symmetry occurring where the 
conditions are different above and below but alike all around, 
Amo ical symmetry and eym- 
metry passing from that into the radial, are such aa appear 
to be congruous with the simple cireumstancea of these 
creatures in the inteatines of insects. But the relations of 
those lowest types to their environments are comparatively 
#0 indeterminate, and our knowledge of their actions so 
186 
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scanty, that little beyond negative evidence can be expected 
from the study of them. 


Se ae 


‘The like may be said of the Jnfusoria. These are more or 
less irregular. In some eases, where the line of movement 
through the water is tolerably definite and constant, we have 
a form that is approximately radial—externally at least. 
But usually, as shown in Figs, 137, 138, 139, there is either 
an unsymmetrical or an asymmetrical shape, And when one 
of these creatures ig watched under the microscope, the con- 
gtuity of this shape with the incidence of forves ie manifest. 
For the movements are conspicuously varied and indetermi- 
nate—movements which do not expose any two or more sides 
of the mass to approximately cqual acts of actions.* 


$245, Among aggregates of tho eccond order, as among 
aggregates of the first ordor, we find that of those possessing 
any definite shapes the lowest are spherical or spheroidal. 
Such are some of the Radiolaria, as Collozoum inerme. These 
bodies which float passively in the sea, and present in turn 
all their sides to the same influences, have their parts dis- 
peeod with approximate regularity round a contre—approxi- 
mate, because in the aksonce of locomotion a slight irregu- 
larity of growth, almost certain to take place, may cause a 
fixed attitude and a resulting deviation from spherical sym- 
metry. The best cases in illustration of the trath here 
named, are furnished by rotating and locomotive organisms 
respecting which there is a dispute whether they are animal 
or regetal—the Volvocinen. Those, already instanced under 

A verifying comment on this paragraph runs as follows:—“Ia the 
Hypotricha Infasoria, which creep over solid surfaces, there Is a differen- 
tiation between vontral and doranl surface and an approach to bilateral «ym- 
metry. The ventral rurface fy provided with movable cilia, the dorsal with 
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the one head in $218, may here be instanced afresh under 
the other, Further, among these secondary aggregates in 
which the units, only physically integrated, have not had their 
individualities merged into an individuality of a higher 
order, must be named the compound Jnfusoria. The cluster 
of Vorticelle in Fig. 144, will sufficiently exemplify them; 
and the striking resemblance borne by its individuals to 
those of a radially-arranged cluster of flowers, will show how, 
under analogous conditions, the genoral principles of mor- 
phological differentiation are similarly illustrated in the two 
kingdoms. 


$246. Radial symmetry is uewal in low aggregates of 
the second order which have their parts sufficiently diferen- 
tiated and integrated to give individualitics to them ae wholes, 
The Calenterata offer numerous examples of this. Solitary 
polypes—hydroid or helianthoid—mostly stationary, and 
when they move, moving with any side foremost, do not by 
locomotion subject their bodies to habitual contrasts of con- 
ditions, Seated with their mouths upwards or downwards, 
or clee at all degrees of inclination, the individuals of a 
species taken together, are subject to no mechanical actions 
affecting some parts of their dises more than other parts. 
And this indeterminateness of attitude similarly prevents 
their relations to prey from being such as subject some of 
their preheneile organs to forces unlike those to which the 
rest are subject. Tho fixed end is differently conditioned 
from the free end, and the two are therefore different; bat 
around the axis running from the fixed to the free end the 
conditions are alike in all directions, and the form therefore 
is radial. Again, among many of the simple free- 
switaming Hydrozoa, the same gencral truth is exemplified 
under other cireumetances, In a common Medusa, advanc- 
ing through the water by the rhythmical contractions of its 
disc, the mechanical reactions are the same on all sides; and 
us, from aceidental causes, every part of the edge of the dise 














"6 Uppermest in ite turn, no part is permanently nffected 
Hifferent way from the rest. Hence the radial form eon- 


Tn others of this same group, however, there occur forms 
which show us an incipient bilateralness; and help us to see 
‘how a more decided bilateralness may arise. Sundry of the 
Meduside are proliferow, giving origin to gemma from the 
_ body of the central polypite or from certain points on the 
edge of the dise; and this budding, unless it oceurs equally 
on all sides, which it docs not and is unlikely to do, must 
tend to destroy the balance of the dise, and to make its 
"attitude Ices changeable, In other cases the growth of a 
Jarge process [a much-developed tentacle] from the edge of 
"the disc on one side, a3 in Steenstrupia, Fig, 257, constitutes 
‘a similar modification, and a eause of further modification. 
‘The animal is no longer divisible into uy two quite similar 
halves, except those formed by a plane passing through the 
‘process; and unless the process is of the same specific gravity 
ne the disc, it must tend towards either the lowest or the 
highest point, and must eo serve to increase the bilateralness, 
by keeping the two sides of the dise similarly conditioned 
‘while the top and bottom are differently conditioned. Fig. 258 
ls the underside of another Medusa, in which a more 
decided bilateralness is produced by the presence of two such 
Among tho 
simple froc-swimming Acti- 
woror, occur like deviations 
from radial symmetry, along 
‘with like motions through the 
water in bilateral attitudes. 
“Of thie a Cydippe is a fomiliar 
mp. ‘Though radial in 
ne of its charieters, as in 

jietribution of ita meridi- 
Of locomotive paddles with their accompanying 
‘this creature hay a two-sided distribution of tentacles 
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and various other parts, corresponding with its two-sided 
attitude in moving through the water, And in other genera 
of this group, as in Cestum, Eurkamphea, and Callianira, 
that almost cqual distribution of parts which characterizes 
the Beroe is quite lost. 

‘Here seems a fit place to moet the objection which some 
may feel to this and other such illustrations, that they amount 
very much to physical truisims. Tf the parts of a Medusa are 
disposed in radial symmetry round the axis of motion through 
the water, there will of course be no means of maintaining 
one part of its edge uppermost more than another; and the 
equality of conditions may be ascribed to the radiatenoss, as 
much as the radiatencss to the equality of conditions, Con- 
versely, when the parts are not radially arranged around the 
axis of motion, they must gravitate towards some one atti- 
tude, implying a balance on the two sides of a vertical plane 
—a bilateralness; and the two-sided conditions so necessi- 
tated, may be as much ascribed to the bilateralness as the 
bilateralness to the two-sided conditions. Doubt- 
Jess the form and the conditions are, in the way alleged, 
necessary correlates; and in ¢o far as it asserts this, the ob- 
jection harmonizes with the argument. To the difficulty 
which it at the same time raises by the implied question— 
Why make the form the result of the conditions, rather than 
tho conditions the result of the form? the reply is this:— 
‘The midial type, both as being the least differentiated type 
and as being the most obviously related to lower types, must 
be taken as antecedent to the bilateral type. The indi- 
vidual variations which incidental circumstances produce in 
the radial type, will not cause divergence of a species from 
the radial type, unless such variations give advantages to the 
individuals displaying them; which there ix no reason to sup- 
pose they will always do, Those occasional deviations from 
the radial type, which the law of the instability of the homo- 
geneous warrants us in expecting to take place, will, howover, 
in some cases be beneficial; and will then be likely to estab- 
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lish themselves. Such deviations must tend to destroy the 
original indefiniteness and variability of attitude—must ewuse 
gravitation towards an habitual attitude. And gravitation 
towards an habitual attitude having once’ commenced, will 
continually increase, where increase of it is not negatived by 
adverse agencies: each further degree of bilateralness render- 
ing more decided the actions that conduce to bilateralness. If 
this reply be thought insufficient, it may be enforeed by the 
further one, that as, among plants, the incident forces are the 
antecedents and the forms the consequents (changes of forces 
being in many cases visibly followed by changes of forma) we 
are warranted in concluding that the like order of cause and 
effect holds among animals.” 


§ 247. Keeping to the same type but passing to a higher 
degree of composition, we mect more complex and yaried 
illustrations of the same general laws. In the compound 

® Criticisms on the above passage have shown tho need for naming sune 
dry complications. These complications chiefly, if not wholly, arise from 
changes in modes of life—changes from the locomotive to the stationary, and 
‘from the stationary to the locomotive. Referring to my statement that (ignor 
ing the spherical) the radial type is the lowest and must be taken as ante- 
cedent to the bilateral type, it ie alleged that oll existing “radial animal 
bave Protozoa are probably derived from freeswinming, bilaterally-ayine 
‘metrical animals” If this is intended to include the planule of the hydrotd 
polyps, then It scons rather a xtraining of the evidence, These locomotive 
‘eabeyos, described as soverally baring tho structure of o gastrule with a 
closed mouth, can be sald to show bilateralness only because the first two lene 
taslos male their appearance on opposite sides of the mouth—a bilatoralness 
which Insta only all two other tentaclos make their appearance in a plane at 
right anzlor, 20 giving the radial structure. T think the criticism applies only 
‘te cases furnished by Echinoderms, The larew of there creatures have bilat. 
exally-rymmetrical structures, which they retain as long as they swim about 
and which such of them as fix themselves lose bs becoming sliilarly related 
te conditions all ronnd: the radinl structure being retained by those types 
hich, becoming mubsequenily detached, move about mivcellancously. But, a 
happens in some of the Saurchine and still more among the Holothurinus, 
the structure i again wade bilaterallyxymmotrioal by a locomotive life pur. 
‘mued «ith one end foremost. Should it be contended that the conditions and 
the forms are reciprocully Influeutial—that either may ulate the othes, it 
‘atl Femains unquestionable that ordinarily the eonditians are the antecedents, 
‘a8 is p0 abundantly shown by plants. 
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Coelenterata, presenting clusters of individuals which ane 
severally homologous with the solitary individuals last dealt 
with, we have to note both the shapes of the individuals thus 

‘united, and tho ehapes of the aggregates made up of thom. 
Such of the fixed ydrozoa and Actinozoa aa form branched 
societies, continue radial; both because their varied attitudes 
do not expose them to appreciable differences in their rela 
tions to those surrounding actions which chiefly concern 
them (the actions of prey), and because such differences, even 
if they were appreciable, would be so averaged in their effects 
on the dicimilarly-placed mombers of vach group aa to be 
neutralized in the race, Among the tree 


like coral-polypedoms, ax well as in such 
ramified assemblages of simpler polypes 
ts are shown in Figs. 149, 150, we have, 
indeed, cases in many respects parallel 
. to the eases of scattered flowers ($233), 
which though placed laterally * remain 
75 oo 


radial, becanse no diiferentiating ageney 
ean act uniformly on all of them, Meanwhile, in the 
groups which these united individuals compose, we see the 
shapes of plants further simulated under a further parallelism 
of conditions. ‘The attached ends differ from the free ends 
as they do in plants; and the regular or irregular branches 
obviously stand to environing actions in relations analogous 
to those in which the branches of plants stand, 

The members of those compound Calenterata which move 
through the water by their own actions, in attitudes that are 
approximately constant, show us a more or less distinct two- 
sidedness. Diphyes, Fig. 259, furnighes an example, Each 
of the lurgely-developed and modified polypites forming its 
swimming sacs is bilateral, in correspondence with the bi- 
lateraluess of its conditions; and in each of the appended 
polypites the insertion of the solitary tentacle produces a 
Kindred divergence from the primitive radial type. The 
aggregate, too, which here very much subordinates ite mem- 
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ers, exliibits the same conformity of structure to cireum- 
stances, It admits of eymmetrical bisection by a plane pass- 
Ing through its two contractile sacs, or nectoealyces, but not 





by any other plane; and the plane which thus symmetrically 
hiscets it, is tho verticn! pline on the two sides of which ita 
yerts are similarly conditioned as it propels itself through 
the water. 

Another group of the oceanic Hyeruzoa, the Phyxophoridar, 
furnishes interesting evidence—not so much in respect of the 
forms of the united individuals, which we may pass over, a3 
in respect of the forms of the aggregates. Some of these 
are without swimming organs, and have their parts eus- 
pinded from nir-vestels which habitually float on the surface 
of the water, Hence the distribution of their parts is nsyme 
metrical. The Physatia, Fig, 152, is an cxample. Hore the 
relations of the integrated group of 
individuals to the environment are in- 
definite; and thore fs thus no agency 
tending to change that comparatively 
irregular mode of growth which ix pro- 
ably derived from a primordial type 
of the branched Hydrozoa. 

So various are the modes of union 
among the compound Colenterata, that 
it i out of the question to deal with 
them all, Even did space permit, it 
lor any one but 
it, to trace throughs 
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out this group the relations between shapes and conditions of 
existence. The above must be taken simply as a few of the 
most significant and ensily-interpretable cases. 


§ 248. In the sub-kingdoms Polyzoa and Tunicata we meet 
with examples not wholly unlike the foregoing. Among the 
types assembled under these names there are simple indivi- 
duals or aggregates of the second order, and socictics or 
tertiary aggregates produced by their union, The relations 
of forms to forces have to be traced in both, 

Solitary Ascidians, fixed or flouting, carry on an inactive 
and indefinite converse with the actions in the environment. 
Without power to move about vivaciously, and unable to 
cateh any prey but that contained in the currents of water 
they absorb and expel, these creatures are not exposed to 
sets of forces which are equal on two or more sides; and their 
shapes consequently remain vague. Though internally their 
parts have a partially-symmetrical arrangement, due to their 
derivation, yet they are substantially unsymmetrical in that 
part of the body which is concerned with the environment. 
Fig. 156 is an example.* Among the composite 
Ascidinns, floating and fixed, the shape of the aggregate, 
partly determined by the habitual mode of gemmation and 
partly by the surrounding conditions in each case, is in 
great measure indefinite. We can say no more about it than 
that it is not obviouely at variance with the laws alleged. 

Evidence of a more positive kind occurs among those com- 
pound Molluscoida which are most like the compound 
Calenterata in their modes of union—the Polyzoa. Many of 
these form groups that are more or less irregular—spread- 
ing a8 filme over eolid surfaces, combining into sea-weed- 
like fronds, budding out from creeping stolons, or growing 
up into treeshaped societies; and besides aggregating 
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irregularly they are irregularly placed on surfaces inclined 
in all directions. Merely noting that this asymmetrical 
distribution of the united individuals is explained by the 
absence of definiteness in the relations of the aggregate to 
ineident forces, it concerns use chiefly to observe that the 
united individuals severally exemplify the same truth as do 
similarly-united individuals among the Calenterata. Averag- 
ing the members of each society, the ciliated tentacles they 
protrude are similarly related to prey on all sides; and 
therefore remain the same on all sides, This distribution of 
tentacles is not, however, without exception, Among the 
fresh-water Pol there are some genera, as Plumatella and 
Crystatella, in which the arrangement of these parts is very 
decidedly bilateral, Some species of them show us such 
relations of the individuals to one another and to their sur- 
face of attachment, ae give a clue to the modification; but 
in other species the meaning of thie deviation from the 
radial type is not obvious. 











$249. In the Platyhelminthes good examples of the con- 
nexions between forms and forces occur. The Planaria 
exemplifies the single bilateral symmetry which, even in 
very inferior forms, accompanies the habit of moving in one 
direction over a solid surface. Humbly organized as are 
these creatures and their allies the Nemertida, we seo in 
them, just as clearly as in the highest animals, that where 
the movements subject the body to different forces at its two 
ends, different forces on its under and upper surfaces, and 
Tike forces nlong its two sides, there arises a corresponding 
form, unlike at its extremities, unlike above and below, but 
having its two sides ali 

The Behinodermata furnish us with instructive ilustra- 
tions—instructive because among types that are nearly allied, 
we meet with wide deviations of form answering to marked 
‘contrasts in the relations to the environmer The facts fall 
into four groups. ‘The Crinoidea, once so abundant 
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ant now <0 rire, present a nudial evumetry answering te 
an incidence of forces that are equal on all sides. Tn. the 
general attitudes of their parts towards surrounding actions, 
they are like uniaxial plants or like polypes; 
those do, marked difference: attached ends and 
the free ends, along with even distributions of parts all round 
their axea. In the Gphiuridea, and in the Star 
fishes, we have radial symmetry co-existing with very: differ 
ent habits; but habits which nevertheless account for the 


id show, as 








between. the 








maintenance of the form. Holding on to rocks and weeds 
by its simple or branched arms, or by the suckers borne on 
the under surface of its rays, one of these ereatures moves 
about not always with one side foremost, but with any side 
foremost. Consequently, averaging its movements, its armé 
of rays are equally affected, and therefore remain the same 
on all sides On watching the ways of the com- 
mon Sea-urchin, we are similarly furnished with an ex 
planation of its spherical, or rather its spheroidal, figm 
Here the habit is not to move over any one approximately 
flat eurfaco; but the habit is to hold on by several surfaces 








on different sides at the same time. Froquenting crevices 
and the interstices among stones and weeds, the Sea-urehin 





vel in meridional bands ever its 





protrudes the suckers arta 
shell, laying hold of objects now on this side and now on that, 
now above and sow below: the result being that it does not 
move in all directions over one plane but in all directions 
through space. Hence the approach in general form towards 








n approach which is, however, re- 
ts to the mouth snd ven: 


spherical symmetry 





strained by the relations of the 





the conditions not being exactly the same at the two poles as 





at other parts of the surface Still more significant je 
that deviation from this shape which oceurs among such of 
the Hchiniden as have habitats of a different kind, and con 
aoquently, differont habits. The gen 
tongues, Brissus, and Amphidotus, diverge markedly towards 
a bilateral structure. These ereatures are found not on rocky 








Behinocyamus, Spax 











‘THE GBNERAL SHAPES OF ANIMALS, 197 





shores but on flat sea-bottoms, and some of them only on 
bottoms of sand or mud. Here, there is none of that distri- 
bution of surfaces on all sides which makee the spheroidal 
form congruous with the conditions. Having to move about 
over an approximately-horizontal plane, any deviation of 
structure arising accidentally which leads to one side being 
kept always foremost, will be an advantage: greater fitness 
te function becoming possible in proportion as function 
‘becomes fixed. Survival of the fittest will therefore tend to 
establish, under such conditions, a form that keeps the same 
part in advanco—a form in which, consequently, the original 
radial symmetry diverges more and more towards bilateral 


symmetry. 


$250. Very definite and comparatively uniform, are the 
relations between shapes and circumstances among the 
Annulosa: including under that title the Annelida and the 
Arthropoda. The agreements and the disagreements are 
equally instructive. 

At one time or other of its life, if not throughout its life, 
every annulose animal is locomotive; and its temporary or 
permanent locomotion, being carried on with one end habitu- 
ally foremost and one surface habitually uppermost, it fulfils 
those conditions under which bilateral symmetry arises. 
Accordingly, bilateral symmetry is traceable throughout the 
whole of this sub-Kingdom. ‘Traceable, wo must xay, 
because, though it is extremely conspicuous in the immense 
majority of annulose types, it ie to a considerable extent 
obseured where obscuration is to be expected. The embryos 
of the Tubicola, after swimming about a while, settle down 
and build themselves tubes, from which they protrude 
their heads; und in , or in some of them, the bilateral 
symmetry is disguised by the development of head-append- 
ges in an all-sided manner. The tentacles of Terebella are 
‘distributed much in the same way as those of a polype. ‘The 
ing organs in Subefla unispira, Fig. 260, do not corre- 
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spond on opposite sidex of a median plane. Even here, how- 
ever, the body retains its primitive bilateralness; and it is 
further to be remarked that this loss of bilateralness in the 
external appendages, does not ocour where the relations to 
external conditions continue bilateral: witness the Serpula, 
Fig. 261, which has its respiratory tufts arranged in a two- 





sided way, under the two-sided conditions involyed by the 
habitual position of its tube. 

‘The community of symmetry among the higher Annulosa, 
has an: unobserved significance, That Flies, Beetles, Lob- 
ators, Centipedes, Spiders, Mites, have in common the cha- 
racters, that the end which moyes in advance differs from 
the hinder end, that the upper surface differs from the under 
surface, und that the two sides are alike, is a truth received 
as a matter of course. After all that has been said above, 
however, it will be seen to have a meaning not to be over- 
looked ; since it supplies a million-fold illustration of the laws 
which haye been set forth. It is needless to give diagrams. 
Every reader can call to mind the unity indicated. 

While, however, annulose animals repeat so uniformly 
these traits of structure, there are certain other traits in 
which they are variously contrasted; and their contrasts 
have to be here noted, as serving further to build up the 
general argument. In them we sce the stages through which 
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bilateral symmetry becomes gradually more marked, as the 
conditions it responds to become more decided. A 
common Karth-worm may be instanced as a meniber of 
this eub-kingdom that is among the least-conspicuously 
bilateral. Though internally its parts have a two-sided 
arrangement ; and though the positions of ite orifices give it 
en external two-sidednoss, at the same time that they estab- 
lish a difference between the two ends; yet its two-sidedness 
is not strongly-marked. The form deviates but little from 
what we have distinguished as triple bilateral symmetry: if 
the creature is cut across the middle, the head and tail ends 
are very much alike; if cut in two along its axis by a hori- 
zontal plane, the under and upper halves are very much 
alike, extornally if not internally; and if cut in two along its 
axis by a vertical plane, the two sides are quite alike. 
Figs. 263 and 264 will make this clear. Such creatures 
as the Julus and the Centipede, may be taken as showing 
a transition to double bilateral symmetry. Besides being 
divisible into oxactly similar halves by a vertical plane pass- 
ing through its axis, one of these animals may be bisected 
transversely into parts that differ only slightly; but if cut in 





and upper halves are decidedly unlike. Figs 265, 266, 
exhibit these traits. Among the isopodous crustaceans, 
the departure from these low types of symmetry is more 
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marked. As shown in Pigs. 26% and 268, the contrast 
between the upper and under parts is greater, and the head 
and til ends differ more obviously, Tn all the higher: 
Arthropoda, the unlikeness between the front half and the 
hind half has become conspicuous. ‘There is in them single 
bilateral symmetry of so pronounced a kind, that no other 
resemblance is suggested than that between the two sides. 
By Figs. 269 and 270, representing a decapodous ernstacean 
divided longitudinally and transversely, this truth is made 
ranifest, On calling to mind the habits of the 
creatures here drawn and described, it will be seen that 
they explain these forms, The incidence of forces is the 
same all nd the Rarth-worm as it burrows through the 
compact ground, ‘The Centipede, creeping amid loose soil or 
débris or beneath stones, insinuates itself between solid eur- 
faces—the interstices being mostly greater in one dimension 
than in others, And all the higher Annulosa, moving about 
nx they do over exposed objects, have their dorsal/and ventral 
parts ns dissimilarly acted upon as are their two ends. 

One other fact only respecting annulose animals needs to 
be noticed under this head—the fact, namoly, that they 
become unsymmetrical where their parte are uneymmetric- 
ally related to the environment: ‘The common Hermit-erab 
serves as an instance. Here, in addition to the wolikeness of 
the two sides implied by that curvature of the body which 
fits the creature to the shell it inhabits, there is an unlikeness 
due to the greater development of the limbs, and specially 
the claws, on the outer side. As in the embryo of the 
Hermit-crab the two sides are alike; and as both the embryo 
and the ancestor lived in such a way, being free, 
that the conditions were alike on the two sides; 
and as the embryo may be taken to repre- 
sent the type from which the Hermit-crab has 
boon derived; wo have in this ense ovidence 
that a symmetrically-bilateral form has been 
moulded into an uneymmetrically-bilateral 
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form, by tho action of unaymmetrically-bilateral conditions. 
A forther illustration is supplied by Bopyrus, Fig. 271: a 
parasite which lives in the branchial chamber of prawns, and 
whose habits similarly account for its distorted shape. 


§ 251, Among the Mollusca we find more varied relations 
between shapos and circumstances. Some of these relations 
are highly instructive. 

Mollusks of one order, the Pteropoda, swim in the sea 

much in the same way that butterflies fly in 
the air, and have shapes not altogether unlike 
those of butterflies, Fig. 272 represents one 
of these creatures. That ite bilaterally-aym- 
metrical shape harmonizes with its bilater- 
ally-symmetrical conditions is sufficiently 
obvious. Py 
Among the Lamellibranchiala, we have 
diverse forms accompanying diverse modes of life. Such 
of them as frequently move about, like the fresh-water 
Mussel, have their two valves and the contained parts 
alike on the opposite sides of a vertical planc: they are 
bilaterally symmetrical in conformity with their mode of 
movement. The marine Mussel, too, though habitually 
fixed, and though not usually eo fixed that its two valves are 
similarly conditioned, still retains that bilateral symmetry 
which is charoctcristic of the order; and it docs thin because 
in the species considered as a whole, the two valves are not 
dissimilarly conditioned. If the positions of the various 
individuals are averaged, it will be seen that the differen- 
tiating actions neutralize one another. In certain 
otticr fixed Lamellibranchs, however, there is a considerable 
deviation from bilateral symmetry; and it is a deviation of 
the kind to be anticipated under the circumstances. Where 
‘one valve is always downwards, or next to the surface of 
attachment, while the other valve is always upwards, or next 
to the environing water, we may expect to find the two 
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valves become unlike. This we do find: witness the Oyster. 
In the Oyster, too, we see a further irregularity. ‘There is a 
great indefiniteness of outline, both in the shell and in the 
animal—an indefiniteness made manifest by comparing dif- 
ferent individuals, We haye but to remomber that growing 
clustered together, as Oysters do, they must interfere with 
one another in various ways and degrees, to see how the 
indeterminateness of form and the variety of form are 
accounted for. 

Among the Gasteropods modifications of a more definite 
kind occur, “In all Mollusks,” says Professor Huxley, 
“the axis of the body is at firet etraight, and its parte are 
arranged symmetrically with regard to a longitudinal vertical 
plane, just as in a vertebrate or an articulate embryo.” In 
some Gasteropods, as the Chilton, this bilateral symmetry 
is retained—the relations of the body to surrounding actions 
not being such as to disturb it. But in those more humerous 
typee which have apiral ehelle, there is a marked deviation 
from bilateral symmetry, as might be expected. “ This 
asymmetrical overdevelopment never affects the head or 
foot of the mollusk": only those parts which, by inelosure 
in a shell, are protected from environing actions, lose their 
bilateralness; while the external parts, subjected by the 
movements of the creatures to bilateral conditions, remain 
bilateral. Here, however, a difficulty meets us. Why is it 
that the naked Gasteropods, such as our common. slugs, 
deviate from bilateral symmetry, though their modes of 
movement are those along with which complete bilateral 
symmetry usually occurs? The reply is that their devin~ 
tions from bilateral aymmetry are probably inherited, and 
that they are maintained in euch parts of their organization 
as are not exposed to bilaterally-symmetrical conditions. 
‘There is reason to believe that the naked Gasteropods are 
descended from Gasteropods which had shells: the evidence 
being that the naked Gasteropods have shells during the 
early stages of their development, and that some of them 
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retain rudimentary shells throughout life. Now the shelled 
Gasteropods deviate from bilateral symmetry in the disposi- 
tion of both the alimentary system and the mproductive 
aystem, The naked Gasteropods, in losing their shells, have 
fost that immense one-sided development of the alimentary 
system which fitted them to their shells, and have acquired 
that bilateral symmetry of external figure which fits them 
for their habite of locomotion; but the reproductive system 
remains one-sided, because, in respect to it, the relations to 
external conditions remain one-sided. 

‘The Cephalopode show us bilaterally-symmetrical external 
forms along with habits of movement through the water in 
two-sided attitudes. At the same time, in the radial distri- 
bution of the arms, enabling one of these creatures to take 
an all-sided graep of its prey, we sce how readily upon one 
kind of symmetry there may be partially developed another 
kind of symmetry, where the relations to conditions favour it. 


$252. The Vertebrata illustrate afresh the truths whieh 
we have already traced among the Annulosa. Flying through 
the air, swimming through the water, and running over the 
earth as vertebrate animale do, in common with annulose 
animals, they are, in common with annulose animals, different 
at their anterior and posterior ends, different at their dorsal 
and ventral surfaces, but alike along their two sides. This 
single bilateral symmetry remains constant under the ex- 
tremest modifications of form. Among fish we sce it alike 
in the horizontally-flattencd Sknte, in the vertically-flattened 
Bream, in the almost spherical Diodon, and in the greatly- 
elongated Syngnathus, Among reptiles the Turtle, the Snake, 
and the Crocodile all display it. And under the countless 
modifications of structure displayed by birds and mammals, 
it remains conspicuous. 

A lees obvious fact which it concerns us to note among the 
Vertebrata, parallel to one which we noted among the An- 
mulosa, is that whereas the lower vertebrate forms deviate 
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but little from triple bilateral symmetry, the deviation be- 
comes great aa we ascend. Figs. 273 and 274 ehow how, 
besides being divisible into similar halves by a vertical plane 
passing through ite axis, a Fish is divisible into halves that 
are not very dissimilar by a horizontal plane passing through 
its axis, and also into other not very dissimilar halves by a 
plane cutting it transversely. If, as shown in Figs. 275 and 
276, analogous sections be made of a euperior Reptile, the 
divided parts differ more decidedly, When a Mammal and a 
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Bird are treated in the same way, as shown in Figs. 277, 
278, and Figs. 279, 280, the parts marked off by the dividing 
planes are unlike in far greater degrees. On considering 
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the mechanical converss between organisms of these several 
types and their environments—on remembering that the 
fish habitually moves through a homogeneous medium of 
nearly the same specific gravity as itself, that the terrestrial 
reptile either crawls on the surface or raises itself very in- 
completely above it, that the more active mammal, having 
‘its supporting parts more fully developed, thereby has the 
under half of ite body made more different from the upper 
half, and that the bird is subject by its mode of life to yet 
another set of actions and reactions; wo shall see that these 
facts are quite congruous with the genoral doctrine, and 
furnish further support to it, 

One other significant piece of evidence must be named. 
Among the Annulosa we found unsymmetrical bilateralness 
in creatures having habits exposing them to unlike conditions 
‘on their two sides; and among the Vortebrata we find parallel 
cases. They are presented by the Pleuronectida—the order 
of distorted flat fishes to which the Sole and the Flounder 
belong. On the hypothesis of evolution, we must conclude 
that fishes of this order have arisen from an ordinary bila- 
terally-symmetrical type of fish, which, feeding at the bottom 
of the sea, gained some advantage by placing itself with one 
of its sidea downwards, instend of maintaining the vertical 
attitude. Besides the general reason there are special 
reasons for concluding this. In the first place, the young 
Sole or Flounder is bilaterally xymmetrical—has its eyes on 
opposite sides of its head and swims in the usual way. In 
the sccand place, the metamorphosis which produces the un- 
aymmetrical structure sometimes does not take place—there 
are abnormal Flounders that swim vertically, like other fishes. 
In the third place, the transition from the symmetrical struc- 
ture to the unsymmetrical structure may be traced. Almost 
incredible though it seems, one of the eyes is transferred 
from the under-side of the head to the upperside; the 
transfer being effected by a distorted development of the 
eranial bones—atrophy of some and hypertrophy of others, 
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along with a general twist, This metamorphosis furnishes 
several remarkable illustrations of the way in which forms 
become moulded into harmony with incident forces, For 
besides the divergence from bilateral symmetry involved by 
presence of both eyes upon the upper side, there is a farther 
divergence from bilateral symmetry involved by differentiation 
of the two sides in reapect to the contours of their surfaces 
and the sizee of their fina, And then, what is still more 
significant, there is a near approach to likeness between the 
halves that were originally unlike, but are, under the new 
circumstances, exposed to like conditions. The body is 
divisible into similarly-shaped parts by a plane cutting it 
along the side from head to tail: “the dorsal and ventral 
instead of the lateral halves bocome symmetrical in outline 
and are equipoised.” 





§ 253. Thus, little as there seems in common between the 
shapes of plants and the shapes of animals, we yet find, on 
analysis, that the same general truths are displayed by 
both. ‘The one ultimate principle that in any organism oqual 
amounts of growth take place in those directions in which 
the incident forces are equal, serves as a key to the phenomena 
of morphological differentiation. By it we are furnished 
with interpretations of those likenesses and unlikenesses of 
parts, which are exhibited in the several kinds of symmetry; 
and when we take into account inherited effocts, wrought 
under ancestral conditions contrasted in various ways with 
present conditions, we are enabled to comprehend, in a gen- 
eral way, the actions hy which animals have been moulded. 
into the shapes they possess. 

To fill up the outline of the argument, so as to make it 
correspond throughout with the argument respecting vegetal 
forms, it would be proper here to devote a chapter to the 
differentiations of those homologous segments out of which 
animals of certain types are composed. Though, among most 
animals of the third degree of composition, such as the 
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rooted Hydrozoa, the Polyzoa, and the Ascidioida, the united 
individuals are not reduced to the condition of segments of a 
composite individual, and do not dieplay any marked differ- 
entiations; yet there are some animals in which such 
subordinations, and consequent heterogeneities, occur. ‘The 
oceanic Hydrozoa form one group of them; and we have seen 
reason to conclude that the Annuosa form another group, 
Tt is not worth while, however, to oceupy space in detailing 
these unlikenesses of homologous segmenta, and seeking 
specific explanations of them. Among the oceanic Hydrozoa 
they are extremely varied; and the habits and derivations of 
these creatures are so little known, that there are no ade= 
quate data for interpreting the forms of the parts in terms 
of their relations to the environment. Conversely, among 
the Annulosa those differentiations of the homologous eeg- 
mente which accompany their progressing integration, have 
#0 much in common, and have general causes which are 80 
obvious, that it ix novdless to deal with them at any length. 
‘They are all explicable as due to the exposure of different 
parts of the chain of segments to different sets of actions and 
reactions: the most general contrast being that between the 
anterior segments and the posterior segments, answering to 
the most general contrast of conditions to which annulose 
animals subject their segments; and the more special con- 
trasts answering to the contrasts of conditions entailed by 
their more special habits. 

Were an exhanstive treatment of the subject practicable, 
there should here, also, come a chapter devoted to the in- 
ternal structures of animals—meaning, more expecially, the 
shapes and arrangements of the viscera, ‘The relations 
between forms and forces among these inclosed parts are, 
howerer, mostly too obscure to allow of interpretation. 
Protected ns tho viscera are in great measure from the inci- 
dence of external forces, we are not likely to find much 
correspondence between their distribution and the distribu- 
tion of external forces. [n this case the influences, partly 
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mechanical, partly physiological, which the organs exercise 
on one another, become the chief causes of their changes of 
figure and arrangement; and these influences are complex 
and indefinite. One general fact may, indeed, be noted—the 
fact, namely, that the divergence towards asymmetry which 
generally characterizes the viscera, is marked among those 
of them which are most removed from mechanical converse 
with the environment, but not so marked among those of 
them which are less removed from -such converse. Thus 
while, throughout the Vertebrata, the alimentary system, 
with the exception of its two extremities, is axymmetrically 
arranged, the respiratory system, which occupies one end of 
the body, generally deviates but little from bilateral sym- 
metry, and the reproductive system, partly occupying the 
other end of the body, is in the main bilaterally symmetrical: 
such deviation from bilateral symmetry as occurs, being 
found in its most interiorly-placed parts, the ovaries. Just 
indicating these facts as having a certain significance, it will 
be beat to leave this part of the subject as too involved for 
detailed treatment. 

Internal stractures of one class, however, not included 
among the viscera, admit of general interpretation—strac- 
tures which, though internal, are brought into tolerably- 
direet relations with environing forces, and are therefore 
subordinate in their forms to the distribution of those forces. 
‘These internal structures it will be desirable to deal with 
at eome length; both because they furnish important illustra- 
tions enforeing the general argument, and because an inter 
pretation of them which we haye seen reason to reject, can= 
not be rejected without raising the demand for some other 
interpretation, 
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CHAPTER XV. 


‘THE SHAPES OF VERTRRRATE SKELETONS. 


$264. Wen an elongated mass of any substance is 
transversely strained, different parts of the mass are ex- 
posed to forces of opposite kinds. If, for example, a bar 
of metal or wood is supported at its two onde, as shown in 
Fig. 281, and has to bear a weight on its centre, its lower 





part is thrown into a state of tension, while its upper part is 
thrown into a state of compression, As will be manifest to 
any one who observes what happens on breaking a stick 
teross his knee, the greatest degree of tension falls on the 
fibres forming the convex surface, while the fibres forming 
tho concave surface are subject to the greatest degroe of 
compression. Between these extremes the fibres at different 
depths are subject to different forces. Progressing upwards 
from the under surface of the bar shown in Fig. 281, the 
tension of the fibres becomes leas; and progressing down- 
wards from the upper surface, the compression of the fibres 
Decomes Jess; until, at a certain distance between the two 
surfaces, there is a place at which the fibres are neither ex- 
fended nor compressed. This, shown by the dotted line in 
209 
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the figure, is called in mechanical language the “neutral 
axis.” Tt varies in position with the nature of the substance 
strained: being, in common pine-wood, at a distance of about 
five-cighths of the depth from the upper surface, or three- 
cighths from the under surface, Clearly, if such a piece of 
wood, instead of being subject to n downward foree, is secured 
at its ends and subject to an upward force, the distribution 
of the compressions and tensions will be reversed, and the 
neutral axis will be nearest to the upper surface. Fig. 282 
represents these opposite attitudes of the bar and the changed 








position of its neutral axis: the arrow indicating the diroc- 
tion of the force producing the upward bend, and the faint 
dotted line a, showing the previous position of the neutral axis. 
Between the two neutral axes will be seen a central space; 
and it is obvious that when the bar has its strain from time 
to time reversed, the repeated changes of its molecular con- 
dition must affoct the contral space in a way different from 
that in which they affect the two outer spaces. Fig. 283 is a 
diagram conveying some idea of these contrasts in molecular 
condition. If A BC D be the middle part of a bar thus 
treated, while G Hf and K L are the alternating neutral 
axes; then the forces to which the bar is in each case subject, 
may be readily shown. Supposing tho doflecting force to 
be acting in the dirvction of the arrow F, then the tensions 
to which the fibres *between G and F are exposed, will be 
represented by a series of lines increasing in length as the 
distance from G increases; 80 that the triangle G F M, will 
express the amount and distribution of all the molecular 
tension. But the molecular compressions throughout the 
space from G to EB, must balance the molecular tensions; 
and hence, if the triangle @ BN be made equal to the tri- 
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angle G F M, the parallel lines of which it is composed (here 
dotted for the sake of distinction) will express the amount 
and distribution of the compressions between E and G. 





Similarly, when the deflecting force is in the direction of the 
arrow F, the compressions and tensions will be quantitatively 
symbolized by the triangles K F 0, and K EP. And 
thus the several spaces occupied by full lines and by dotted 
lines and by the two together, will represent the different 
actions to which different parts of the transverse section are 
subject by alternating transverse strains. Herv, then, it is 
made manifest to the eye that the central space between G 
and K, is differently conditioned from the spaces above and 
below it; and that the difference of condition is sharply 
marked off. The fibres forming the outer surface C D, are 
subject to violent tensions and violent compressions. Pro- 
gressing inwards the tensions and compressions decreaso— 
the tensions the more rapidly. As we approach the point G, 
the tensions to which the fibres are alternately subject, bear 
smaller and smaller ratios:to the compressions, and disappear 
at the point G. Thence to the centre occur compressions 
only, of alternating intensities, becoming at the centre small 
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and equal; and from the centre we advance, through a reverse 
series of changes, to the other side. 

‘Thus it is demonstrable that any substance in which the 
power of resisting compression is unequal to the power of 
resisting tension, cannot be subject to alternating transverse 
strains, without having a central portion differentiated in its 
conditions from the outer portions, and consequently dif- 
ferentiated in its structure. This conclusion may easily be 
verified by experiment. If something haying a certain 
toughness but not difficult to break, as a thick piece of sheet 
Tead, be bent from side to side till it is broken, the surface of 
fracture will exhibit an unlikeness of texture between the 
inner and outer parts. 


$255. And now for the application of this seemingly- 
irrelevant truth. Though it has no obvious connection with 
tho interpretation of vertebral structure, we shall soon see 
that it fundamentally concerns us. 

The simplest type of vertebrate animal, the fish, has a 
mode of locomotion which involves alternating transverse 
strains, It is not, indeed, subjected to alternating transverse 
strains by some outer agency, as in the case we have been 
investigating: it subjects itself lo them. But though the 
strains ure here internally produced instead of externally 
produced, the case is not therefore removed into a wholly 

4¢# different category. For sup- 

- posing Fig. 284 to represent: 

a the outline of a fish when 

bent on one side (the dotted lines representing its. outline 
when the bend is reversed), it is clear that part of the sub- 
stance forming the convex half must be in a state of tension, 
‘This state of tension implies the existence in the other half 
of some counter-balancing compression. And betwoon the 
two there must be a neutral axis, The way in which this 
conclusion is reconcilable with the fact that there is tension 
somewhere in the concave side of a fich, since the eurve is 








‘THE SHAPES OF VERTEBRATE SKELETONS, 213 


caused by muscular contractions on the concave side, will be 
made clear by the rude illustration which a bow supplies, 
A bow may be bent by a thrust against its middle (the two 
ends being held back), or it may be bent by contracting 
a string that unites its ends; but the distributions of me 
chanical forces within the wood of the bow, though not quite 
alike in the two cases, will be very similar. Now while the 
muscular action on the concave side of a fish differs from that 
represented by the tightoned string of a bow, the difference 
is not such as to destroy the applicability of the illustration : 
the parallel holds so far as this, that within that portion of 
the fish's body which is passively bent by the contracting 
muscles, there must be, as in a strung bow, a part in com- 
pression, a part in tension, and an intermediate part which 
is neutral, 

After thus seeing that even in the developed fish with 
its complex locomotive apparatus, this law of the transverse 
strain holds in a qualified way, we shall understand how 
much more it muet hold in any form that may be supposed 
to initiate the vertebrate type—a form devoid of that 
segmentation by which the vertebrate type is more or less 
characterized. We shall see that assuming a rudimentary 
animal, still simpler than the Amphiorus, to have a feeble 
power of moving itself through the water by the undulations 
of its body, or some part of ite body, there will necessarily 
come into play certain reactions which must affect the median 
portion of the undulating masz in a way unlike that in 
which they affect its lateral portions. And if there exists in 
this median portion a tissue which keeps its place with any 
constancy, we may expect that the differential conditions 
produced in it by the transverse strain, will initiate a dif- 
ferentiation. It is true that the distribution of the viscera 
in the Amphiozus, Fig. 191, and in the type from which we 
may suppose it to have arisen, is such as to interfere with this 
process, Tt is also true that the actions and reactions de- 


seribed would not of themselves give to the median portion 
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weylindrieal shape, like Lhat of the cartilaginous rod irunning 
along the back of the Amphiozus. But what we have here 
to note in the first place is, that these habitual alternate 





flexions have a tendency to mark off from the outer parts 
an unlike inner part, which may be seized hold of, main- 
tained, and further modified, by natural selection, should 
any advantage thereby result. And we have to note in the 
second place, that an advantage is likely to result, The 
contractions cannot be effective in producing undulations, 
unless the general shape of the body is maintained. External 
muscular fibres unopposed by an internal resistant mass, 
would cause collapse of the body. ‘To meet the require- 
ments there must be a means of maintaining longitudinal 
rigidity without preventing bends from side to side; and such 
a means is presented by a structure initiated aa described. 
Tn brief, whether we have or have not the actual cause, we 
have here at any rate “a true cause.” Though thore are 
difficultics in tracing out the process in o definite way, it 
may at least be said that the mechanical genesis of this rudi- 
mentary vertebrate axis is quite conceivable, And even the 
difficulties may, IT think, be more fully met than at firet 
sight seems possible. 

What is to be said of the other leading trait which the 
simplest vertebrate animal has in common with all higher 
vertebrate animals—the segmentation of its lateral muscular 
maseos? Te this, too, explicable on the mechanical hypo- 
thesis? Have we, in the alternating transverse strains, a 
cause for the fuet that while the rudimentary vertebrate axis 
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is without any divisions, there are definite divisions of the 
substance forming the animal's sides? I think we have. A 
glance at the distribution of forces under the transverse 
stmin, as represented in the foregoing diagrams, will show 
how much more severe is the strain on the outer parts than 
on the inner parts ; and how, consequently, any modifications 
of structure eventually necessitated, will arise peripherally 
before they arise centrally. Tho perception of this may be 
enforced by a simple experiment, ‘Take a stick of soaling- 
wax and warm it slowly and moderately before the fire, so a8 
to give it a little flexibility. Then bend it gently until it is 
curved into a semi-circle. On the convex surface small 
eracks will be seen, and on the concave surface wrinkles; 
while between the two the substance remains undistorted. 
If the bend be reversed and re-reversed, time after time, 
these erncks and wrinkles will become fissures which gradu- 
ally deepen. But now, if changes of this class, entailed by 
alternating transverse strains, commence superficially, as they 
manifestly must; there arise the further questions—What 
‘will be the special modifications produced under these special 
conditions? and through what stages will these modifiea- 
tions progress? Every one has literally at hand an example 
of the way in which a flexible external Inyer that is now 
extended and now compressed, by the bending of the mass it 
covers, becomes creased; and a glance at the palms and the 
fingers will show that the creases aro near one another 
where the skin is thin, and far apart where the skin is thick. 
Between this familiar case and the case of the rhinoceros- 
hide, in which there are but a few large folds, various grada- 
tions may be traced. Now the like must happen with the 
increasing layers of contractile fibres forming the sides of 
the muscular tunic in such a type as that supposed, The 
dendings will produce in them small wrinkles while they aro 
thin, but more decided and comparatively distant fissures 
as they become thick. Fig. 289, which is a horizontal longi- 
tudinal section, shows how these thickening layers will 
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ndjust themselves on the convex and the concare surfaces, 
supposing the fibres of which they are composed to be ob- 
lique, as their function requires; and it 
= is not difficult to see that when one 
definite divisions have heen established, 
they will advance inwards as the layers 
AZZ S LZ,  levelop; and will 80 produce a series of 
muscular bundles. Here then we haye 
something like the myocommata [or myotomes as now called} 
which are traceable in the Amphiorus, and are conspicuous 
in all superior fishes. 


$256. These are highly speeulative conceptions T have 
ventured to present them with the view of implying that 
the hypothosis of the mechanical genesis of vertebrate struc — 
ture is not wholly at fault when applied to the most rudi- 
mentary vertebrate animal. Lest it should be alleged that 
the question is begged if we set ont with a type which, like 
the Amphioxws, already displays segmentation throughout 
its muscular aystem, it seemed needful to indicate conceiy= 
able modes in which there may have been mechanically pro- 
duced those leading traits that distinguish the Amphiorus, 
AIL I intend to suggest is that mechanical actions have been 
at work, and that probably they have operated in the manner 
alleged: so preparing the way for natural selection. 

But now let us return to the region of established fact, and 
consider whether such actions and reactions as we actually 
witness, are adequate causes of those observed differentiations 
and integrations which distinguish the more-deyeloped verte: 
brate animals, Let us see whether the theory of mechanical 
genesis affords us a deductive interpretation of the inductive 
generalizations, 

Before proceeding, we must note a process of functional 
adaptation which here co-operates with natural selection. 
T refer to the usual formation of denser tissues at those 
parts of an organism which are exposed to the greatest 
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strains—either compressions or tensions. Instances of hurd- 
ening under compression are made familiar to ws by the 
skin. We have the general contrast between the soft skin 
covering the body at large, and the indurated skin covering 
the inner surfaces of the hands and the soles of the fect. 
We have the fact that even within these areas *the parts 
on which the pressure is habitually greatest have the skin 
always thickest; and that in each person special points 
exposed to special pressures become specially densc—often 
as dense as horn. Further, we have the converse fact that 
the skin of littlo-used hands becomes abnormally thin—even 
losing, in places, that ribbed structure which distinguishos 
skin subject to rough usage. Of increased density directly 
following increased tension, the skeletons, whether of men 
or animals, furnish abundant evidence. Anatomists easily 
discriminate between the bones’of a strong man and those of 
4 weak man, by the groater development of those ridges and 
crests to which the muscles are attached; and naturalists, on 
comparing the remains of domesticated animals with those 
of wild animals of the same species, find kindred differe 
‘The first of these facts shows unmistakably the immediate 
effect of function on structure, and by obvious alliance with 
it the second may be held to do the same: both ‘implying 
that the deposit of dense substance capable of great resist- 
ance, constantly takes place at points where the tension is 
exensxive. 

Taking into account, then, this adaptive process, con- 
tinvally aided by the eurvival of individuals in which it 
haa taken place most rapidly, we may expect, on tracing up 
the evolution of the vertebrate axis, to find that as the mns- 
cular power becomes greater there arise larger and harder 
masses of tissue, serving the muscles as pofals d'appui; and 
that these arise first in those places where the strains are 
greatest. Now this is just what weedo find. The myocom- 
mata are 80 placed that their actions aro likely’ to affect first 
that upper coat of the notochord, where there are found 
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“quadrate masses of somewhat denser tissue,” which “seem 
faintly to represent neural spines,” even in the Amphiowus. 
It is by the development of the neural spines, and after them 
of the hemal spines, that the segments of the vertebral 
column are first marked out; and under the increasing strains 
of more-developed myocommata, it is just these peripheral 
appendages of the vertebral segments that must be most 
subject. to the forees which cause the formation of denser 
tissue. It follows from the mechanical hypothesis that as 
the muscular segmentation must begin externally and pro- 
gress inwards, so, too, must the vertebral segmentation. 
Besides thus finding reason for the fact that in fishes with 
wholly cartilaginous skeletons, the vertebral segments are 
indicated by these processes, while yet the notochord is 
unsegmented; we find a like reason for the fact that the 
transition from the leas-dense cartilaginous skeleton to the 
more-denee osecous skeleton, pursues a parallel course, In 
the existing Lepidosiren, which by uniting certain piscine and 
amphibian characters betrays its alliance with primitive 
types, the axial part of the vertebral column is unossified, 
while there is ossification of the peripheral parts. Similarly 
with numerous genera of fishes classed as palwozoic. The 
fogsil remains of them show that while the neural and hmmal 
spines consisted of bone, the central parts of the vertebrm 
were not bony. Tt may in some eases be noted, too, both in 
extant and in fossil forms, that while the ossification is com- 
plete at the outer extremities of the spines it is incomplete 
at their inner extremitics—thus similorly implying centri- 
petal development. 








$257. After these explanations the process of eventual 
segmentation in the spinal axis itself, will be readily wnder- 
stood. ‘The original cartilaginous tod has to maintain longi- 
tudinal rigidity while permitting lateral flexion. As fast as 
it becomes definitely marked out, it will begin to concentrate 
within itself a great part of those pressures and tensions 
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caused by transverse strains. As almady said, it must be 
acted upon much in the game manner as a bow, though it is 
bent by forces acting in a more indirect way; and like a bow, 
it must, at each bend, have the substance of ite convex side 
extended and the substance of its concave side compressed, 
So long as the vertebrate animal is small or inert, such a 
cartilaginous rod may have sufficient strength to withstand 
the muscular straine; but, other things equal, the evolution 
of an animal that is large, or active, or both, implies mus- 
cular strains which must tend to cause modification in euch a 
cartilaginous rod. The results of greator bulk and of greater 
vivacity may be best dealt with separately, As the 
animal increases in size, the rod will grow both longer and 
thicker. On looking back at the diagrams of forces caused 
by transverse strains, it will be seen that as the rod grows 
thicker, ite outer parts must be exposed to more severe ten- 
sions and pressures if the degree of bend is the same. It is 
doubtless true that when the fish, advancing by lateral 
undulations, becomes longer, the curvature assumed by the 
body at each movement becomes less; and that from this 
cause the outer parts of the notochord are, other things 
equal, less straincd—the two changes thus partially neutrali- 
zing one another. But other things are nof equal. For 
while, supposing the shape of the body to remain constant, 
the force exerted in moving the body increases as the cubes 
of its dimensions, the sectional area of the notochord, on 
which fall the reactions of this exerted force, increases only 
‘as the squares of the dimensions: whence resulta a greater = * 
stross upon its substance. ‘This, howover, will not bo very 
decided where there is no considerable activity. It is clear 
that angmenting bulk, taken alone, involves but a moderate 
residuary increase of strain on each portion of the notochord ; 
and this is probably the reason why it is possible for a large 
sluggish fish like the Sturgeon, to retain the notochordal 
structure, But now, passing to the effects of grouter 
activity, a like dynamical inquiry at once shows us how rapid- 


, 
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Ty the violence of the actions and reactions rises as the move- 
ments become more vivacious. In the first place, the resist- 
ance of # medium sueh as water increases as the square of 
the velocity of the body moving through it; so that to main- 
tain double the speed, a fish has to expend four times the 
energy. Bat the fish has to do more than this—it has to 
initiate this speed, or to impress on its mass the force imuplied 
by this speed. Now the ris viva of a moving body varies as 
the square of the velocity ; whence it follows that the energy 
required to generate that ris ira is measured by the square 
of the velocity it produces. Consequently, did the fish put 
itself in motion inetantancoucly, the expenditure of energy in 
generating its own eis rire and simultancously overcoming 
the resistance of the water, would vary as the fourth powor 
of the velocity. But the fish cannot put itself in motion 
instantaneously—it must do it by increments; and thus it 
results that the amounts of the forces expended to give itself 
different velocities must be represented by some series of 
numbers falling between the squares amd the fourth powers 
of those velocities. Were the increments slowly accumulated, 
the ratios of increasing effort would but little exceed the ratios 
of the squares; bat whoever observes the sudden, convulsive 
action with which an alarmed fish darts out of a shallow into 
deep water, will see that the velocity is rapidly generated, 
and that therefore the ratioz of increasing effort probably 
exceed the ratios of the squares very considerably. At any 
rate it will be clear that the efforts made by fishes in rushing 
upon prey or escaping encmies (and it is these extreme efforts 
which here concern us) must, as fishes become more active, 
rapidly exalt the strains to be borne by their motor omgans; 
and that of these strains, those which fall upon the noto~ 
chord must be exalted in proportion to the rest. Thus the 
development of locomotive power. which survival of the 
fittest must tend in most cases to favour, involves such in- 
crease of stress on the primitive cartilaginous rod as will 
tend, other things equal, to cauze its modification. 
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What must its modification be? Considering the compli- 
cation of the influences at work, conspiring, as above indi- 
cated, in various ways and degrees, we cannot expect to do 
more than form an idea of its average character, ‘The nature 
of the changes which the notochord is likely to undergo, where 
greater bulk is accompanied by higher activity, is rudely 
indicated by Figs. 201, 292, and 293. ‘The successively 





thicker lines represent the successively greater strains to 
which the outer layers of tissue are exposed ; and the widen- 
ing inter-spaces represent the greater extensions which they 
have to bear when they become convex, or else the greater 
gape that must be formed in them. Had these outer layers 
to undergo extension only, a8 on the convex side, continued 
natural selection might result in the formation of a tixsue 
clastic enough to admit of the requisite stretching. But at 
each alternate bend these outer layers, becoming coneave, 
are subject to increased compression—a compression which 
they cannot withstand if they have become efmply more 
extensible, ‘To withstand this greater compression they must 
become harder as well as more extensible. How are these 
two requirements to be reconciled? Tf, as facts warrant 
us in supposing, a formation of denser substance uccurs at 
those parts of the notochord where the strain is greatest ; 
it is clear that this formation cannot 80 go on as to produce 
a continuous mass: the perpetual flexions must prevent this. 
If matter that will not yield at ench bend, ix deposited while 
the bendings are continually taking place, the bondings will 
maintain certain places of discontinuity in the deposit— 
places at which the whole of the stretching consequent on 
each bend will be concentrated. And thus the tendeney will 
be to form segments of hard tiseue capable of great resistance 
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to compression, with intervals filled by elastic tissue capable 
of rent: resistance to extension—a vertebral column, 

And now observe how the progress of ossifleution is just 
such as conforms to this view, That centripetal develop- 
ment of segments which holds of the vertebrate animal as a 
whole, as, if caused by transverse strains, it ought to do, and 
which holds of the vertebral column as a whole, as it ought 
to do, holds also of the central axis. On the mechanical 
hypothesis, the outer surface of the notochord should be the 
first part to undergo induration, and that division into seg- 
ments which must accompany induration. And accordingly, 
in a vertebra] column of which the axis is beginning to 
ossify, the contrums consist of bony rings inclosing a still- 
continuous rod of cartilage. 


$258. Sundry other general facts disclosed by the com- 
parative morphology of the Vertebrata, supply further con= 
firmation, Let us take first the structure of the ekull. 

On considering the arrangement of the muscular flakes, or 
myocommata, in any ordinary fish which comes to table—an 
arrangement already sketched out in the Amphiorus—it is 
not difficult to see that that portion of the body out of which 
the head of the vertebrate anima! becomes developed, ia a 
portion which cannot subject itself to bendings in the same 
dogree as the rest of the body. The muscles developed there 
must be comparatively short, and much interfered with by 
the preexisting orifices, Hence the cephalic part will not 
partake in any considerable degree of the lateral undula- 
tions; and there will not tend to arise in it any such distinct 
segmentation as arises elsewhere. We have here, then, an 
explanation of the fact, that from the beginning the develop- 
ment of the head follows a course unlike that of the spinal 
column; and of the fact that the segmentation, so far as it 
ean be traced in the head, is moat readily to be traced in the 
occipital region and becomes lost in the region of the face, 
For if, as we have seen, the segmentation consequent on 
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mechanical actions and reactions must progress from without 
inwards, affecting last of all the axis; and if, as we have 
seen, the region of the head ix so circumstanced that the 
causes of segmentation act but feebly even on its periphery; 
then that terminal portion of the primitive notochord which 
is included in the head, having to undergo no lateral bend- 
ings, may ossify without division into segments, 

Of other incidental evidences supplied by comparative 
morphology, let me next refer to the supernumerary bones, 
which the theory of Goethe and Oken as elaborated by Prof. 
Owen, has to get rid of by gratuitous suppositions, In many 
fishes, for example, there are what have been called inter- 
noural spines and inter-hamal spines. These cannot by any 
ingenuity be affiliated upon the archetypal vertebra, and 
they are therefore arbitrarily rejected as bones belonging to 
the exo-skeleton; though in shape and texture they are 
similar to the spines between which they are placed. On the 
hypothesis of evolution, however, these additional bones are 
accounted for as arising under actions like those that gave 
origin to the bones adjacent to them. And similarly with 
such bones as those called sesamoid; together with others 
too numerous to name, 


$259. Of course the foregoing synthesis is to be taken 
simply as an adumbration of the process by which the verte- 
brate structure may have arisen through the continued 
actions of known agencies. ‘The motive for atterapting it has 
been two-fold, Having, as before said, given reasons for con- 
cluding that the segments of a vertebrate animal are not 
homologous in the same sense as are those of an annulose 
animal, it seemed needful to do something towards showing 
how they are otherwise to be accounted for; and having her, 
for our general subject, the likenesses and differences among 
the parts of organisms, as determined hy incident forves, it 
seemed out of the question to pass by the problem presented 
by the vertebrate skeleton, 











‘Leaving out all that is hypothetical, the general argument 
may be bricfly presented thus:—The evolution from the 
simplest known vertebrate animal of a powerful and active 
vertebrate animal, implies the development of a stronger 
internal fulerum. ‘The internal fuleram cannot be made 
stronger without becoming more dense. And it cannot be- 
come more dense while retaining its lateral flexibility, with- 
out becoming divided into segments. Further, in conformity 
with the general principles thus far traced, these segments 
must be alike in proportion as the forces to which they are 
exposed are alike, and unlike in proportion as these forces 
are unlike; and so there necessarily results that unity in 
variety by which the vertebral column is from the beginning 
characterized. Once more, we see that the explanation ex- 
tends to those innumerable and more marked divergences 
from homogeneity, which vertebre undergo in the various 
higher animals, ‘Thus, the production of yertebne, the pro~ 
duction of likenesses among vertebre, the production of an- 
likenesses among vertebne, and the production of unlike- 
ness among vertebral columns, ure interpretable as parts of 
one genera! process, and as harmonizing with one general 
principle. 

Whether sufficient or insufficient, the explanation here 
given assigns causes of known kinds producing effects such 
as they are known to produce. It docs not, as a solution of 
one mystery, offer another mystery of which no solution is 
to be asked. It does not allege a Platonic téa, or fictitious 
entity, which explains the vertebrate skeleton by absorbing 
into itself all the inexplicability. On the contrary, it assumes 
nothing beyond agencies by which structures in general are 
moulded—agencies by which these particular structures are, 
indeed, notoriously modifiable. An ascertained cause of cer 
tain traits in vertebre and other bones, it extends to all 
other traits of vertebrne; and at the sume time assimilates 
the mio ] © they present to much wider 
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[Nore.—tThe theory set forth in the foregoing chapter, is 
an elaboration of one suggested at the close of a criticism 
of Prof. Owen's Archetype and Homologies of the Vertebrate 
Skeleton, already referred to in § 210 as having been pub- 
lished in the Medfco-Chirurgical Review for October, 1858, 
Tt is now reproduced in Appendix B. Since the issue of this 
eloborated exposition, in No. 15 of my serial in December, 
1865, veriflentions of it have from time to time been published. 
In his work The Primary Factors of Organic Evolution, 
Prof. Cope of Philadelphia writes :— 

“Mr. Herbert Spencer has endeavoured to account for the 
origin of the segmentation of muscles into myotomes, and 
the division of the sheath of the notochord into vertebra, 
by supposing it to be due to the lateral swimming movements 
of the fishes, which first exhibit these structures. With this 
view various later authors have agreed, and T have offered 
some additional evidence of the soundness of this position 
with respect to the vertebral axis of Batrachia, and the 
origin of limb articulations. It is true that the origin of 
segmentation in the vertebral column of the true fishes and 
the Batrachia turns ont to have been less simple in its pro- 
evss than was suggested by Mr. Spencer, but his general 
principle holds good, now that paleontology has cleared up 
the subject ” (pp. 367-8). 

An allusion in the foregoing extract is made by Prof, Cope 
to certain observations vet forth in his work entitled The 
Origin of the Fittest. On pp. 305-6 of it will be found the 
following sentences >— 

“Now, all the Permian land-animals, reptiles and batra- 
chians, retain this notochord with the elements of osseous 
vertebra, in a greater or less degree of completeness. There 
are some in South Africa, I believe, in which the ossification 
has come clear through the notochord; but they are few. 
. . . There is something to be said as to tho condition of 
the column from a mechanical standpoint, and it is this: 
“that the chorda exists, with its osseous clements disposed 
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nd in the Permian batrachians, equally related to 
salamanders and frogs, these oss¢ous elements are arranged in 
the sheath or skin of the chorda; and they are in the form of 
regular concave segments, very much like such segments as 
you can take from the skin of an orange—but parts of a 
cylinder, and having greater or less dimensions according to 
the group or species. Now, the point of divergence of these 
segments is on the side of the column. The contacts are 
placed on the side of the column where the segments separ- 
ato—the upper segments rising and the lower segments 
coming downward. ‘To the upper segments are attached the 
arches and their articulations, and the lower segments are 
like the segments of a cylinder. If you take a flexible 
cylinder, and cover it with a more or less inflexible skin or 
sheath, and bend that cylinder sidewise, you of course will 
find that the wrinkles or fracturvs of that part of the surface 
will take place along the line of the shortest curve, which 
is on the side; and, as a matter of fact, you have breaks 
of very much the character of the segments of the Permian 
Batrachia. . - . In the cylinder bending both waya, of 
course the shortest line of curve is right at the centre of the 
side of that cylinder, and the longest eurve is of course at 
the summit and base, and the shortest curve will be the point 
of fracture. And that is exactly what I presume has 
huppened in the case of the construction of the segments of 
the sheath of the vertebral column, by the lateral motion of 
the animal in swimming, and which has been the actual cause 
of the disposition of the osseous material in its form. . . - 
That is the state of the vertebral column of many of the 
Vertebrata of the Permian period.” 

Tn his essay on “ The Mechanical Causes of the Develop- 
ment of the Hard Parts of the Mammalia,” published in the 
American Journal of Morphology (Vol. 111), Prof. Cope has 
carried the interpretation further, by showing that in kindred 
ways the genesis of articulations and limb-bones may be ex- 
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plained. On p, 163 he enunciates the general principle of 
his interpretation as follows :— 

“It cannot have been otherwise than that, since the 
motions of animals continued during the evolution of their 
hard parts, these hard parts grew in exact adaptation to 
these movements. Thus at the points of greatest flexure 
joints would be formed, and between these joints the deposit 
would be continuous,” 

Evidently if osecous structures are produced by deposits 
of calearcous matters in pre-existing cartilaginous structures, 
or other strnctures of flexible materials, the deposits mast be 
so carried on that while dense resistant masses are produced 
these must admit of such free movements as the creature's 
life necessitates, and must so form adapted joints. 

Let it be understood, however, that the hypothesis set 
forth in the foregoing chapter and extended by Prof. Cope, 
which serves to interpret a lange part of the phenomena 
of osseous structures in the Vertebrata, does not serve to 
interpret them all. While the formation of hard parts has 
been in large measure initiated and regulated by tension and 
pressures, there are hard parts the formation of which cannot 
be thus explained. The bones of the skull are the most 
obvious instances. ‘These aro apparently referable to no 
other cause than the survival of the fittest—the survival of 
individual animals in which greater density of the* brain- 
covering yielded better protection against external injuries. 
Without enumorating other instances which might be given, 
it will suffice to recognize the trath that natural selection of 
favourable variations and the inheritance of funetionally- 
produced changes have all along co-operated: each of them 
in some cases acting alone, but in other cases both acting 
together.} 











CHAPTER XVL 
THR SHAPRS OF ANIMAL-ORLLA, 


§ 260. Amowo animals as among plants, the laws of mor- 
phological differentiation must be conformed to by the mor- 
phological units, as well as by the larger parts and by the 
wholes formed of them, It remains here to point out that 
the conformity is traceable where the conditions are simple. 

In the ehapes assumed by those rapidly-multiplying cells 
out of which each animal is developed, there is a conspicuous 
subordination to the surrounding actions, 
294 represents the cellular embryo: 

mass that a repeated spontancous 
sions, In it we see how the cells, origin- 
ally spherical, are changed by pressure 
against one another and against the limit- 
ing membrane; and how their likenesses 
# are determined by the likenesses and un- 
likenesses of the forces to which they are expos This fact 
may be thought scarcely worth pointing out. But it is 
worth pointing out, because what ix here so obvious a con- 
sequence of mechanical actions, is in other cases a conse- 
quence of actions composite in their kinds and involved in 
their distribution. Just as the equalities and inequalities of 
dimensions among aggregated cells, are here caused by the 
equalities and inequalities among their mutual pressures in 
different directions ; so, though less manifestly, the equalities 
293 
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CHAPTER IX. 


PHYSIOLOGICAL INTHORATION IN ANIMALS. 


$305, PuyaioLoaican differentiation and physiological 
integration, are correlatives that vary together, We have but 
to recollect the familiar purullel between the division of labour 
in a society and the physiological division of labour, to see 
that as fast as the kinds of work porformed by the com- 
ponent parts of an organism become more numerous, and as 
fast as cach part becomes more reatricted to its own work, 60 
fast must the parts have their actions combined in such ways 
that no one can go on without the rest and the rest. cannot 
go on without each one, 

Here our inquiry rust be, how the relationship of these 
two processes is established—what causes the integration to 
advance pari passu with the differentiation. hough it is 
manifest, @ priori, that the mutual dependence of functions 
must be proportionate to the specialization of functions; yot 
it remains to find the mode in which the increasing co-ordi- 
nation is determined, 

Already, among the Inductions of Biology, this relation 
between differentiation and integration has been specified 
and illustrated ($59). Before dealing with it deductively, 
a few further examples, grouped so as to exhibit its several 
aspects, will be advantageous, 


§ 306. If the lowly-organized Planaria has its body broken 
up and its gullet detached, this will, for a while, continue 
70 3 
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to perform its function when called upon, just as though it 
were in its place: a fragment of the creature’s own body 
placed in the gullet, will be propelled through it, or swal- 
lowed by it. But, as the seeming strangeness of this fact 
implies, we find no such independent actions of analogous 
parts in the higher animals, Again, a piece cut ont of the 
dise of a Medusa continues with great persistence repeating 
those rhythmical contractions which we see in the dise as a 
whole; snd thus proves to us that the contractile function 
in each portion of the dise, is in great measure independent. 
But it is not so with the locomotive organs of more differen- 
tiated types. When separated from the rest these lose their 
powers of movement, ‘The only member of a vertebrate 
animal which continuce to act after detachment, is the heart; 
and the heart has motor powers complete within itself. 
Where there is this small dependence of each part upon 
the whole, there is but small dependence of the whole upon 
each part. The Jonger time wi it takes for the arrest of 
a function to produce death in a less-differentiated animal 
than in a moro-difforentiated animal, may be illustrated by 
the case of respiration. Suffocation in a man speedily 
causes resistance to the passage of the blood through the 
capillaries, followed by congestion and stoppage of the heart: 
great disturbance throughout the system results in a few 
seconds, and in a minute or two all the functions cease, 
But in a frog, with its undeveloped respiratory organ, and a 
skin through which a considerable aération of the blood ix 
carried on, breathing may be suspended for a Jong time with- 
ont injury. Doubtless this difference is proximately due to 
the greater functional act in the one case than in the 
other, and the more pressing need for discharging the pro- 
duced carbon dioxide; but the greater functional activity being 
itself made possible by the higher specialization of functions, 
this remains the primary cause of the greater dependence of 
the other functions on respiration, where the respiratory 
apparatus has become highly specialized. Here 
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indeed, we see the relation under another aspect. This more 
rapid rhythm of the functions which increased heterogencity 
of structure makes possible, is itself a means of integrating 
the functions. Watch, when it is running down, a compli- 
cated machine of which the parte are not accurately adjueted, 
or are so worn as to be somewhat loose, ‘There will be 
observed certain irregularities of movernent just before it 
comes to rest—certain of the parts which stop first, are 
again made to move a little by the continued movement of 
the rest, and then become themselves, in turn, the causcs of 
renewed motion in other parts which have ceased ta move, 
That is to say, while the connected rhythmical changes of 
the machine are quick, their actions and reactions on one 
another are regular—all the motions are well integrated ; but 
as the velocity diminishes irregularities arise—the motions 
become somewhat disintegrated, Similarly with organic 
functions: increase of their rapidity involves increase of a 
joint momentum which controls each and co-ordinates all, 
‘Thus if we compare a snake with a mammal, we see that 
its funetions are not tied together so closely. The mammal, 
and especially the superior mammal, requires food with con- 
siderable regularity; keeps up a respiration which varies 
within but modemte limits; and has poriods of activity and 
rest that alternate evenly and frequently, But the snake, 
taking food at long intervals, may have these intervals 
greatly extended without fatal results; its dormant and its 
active states reeur lesa uniformly; and its rate of respiration 
varies within much wider limits—now being scarcely per- 
coptible and now, as you may prove by exciting it, becoming 
conspicuous, So that here, where the rhythms are very slow, 
they are individually less regular, and are united into a less 
regular compound rhythm—are less integrated, 

Perhaps the clearest general idea of the co-ordination of 
functions that accompanies their specialization, is obtained 
by observing the slowness with which a little-differentiated 
animal responds to a stimulus applied to one of its parts, 




























“and the rapidity with which such a local 
sponded to by a more-differentiated animal. 
and a fly will serve for the comparison. A. 
anemone, when touched, slowly contracts; a t 
has been rade, the contraction presently extends to the « 
tentacles and eventually to the entire body: the stimulus | 
movement is gradually diffused throughout the 1i8) 
But if you touch a fly, or rather if you come near | 
to threaten a touch, the entire apparatus of flight ik instantl 
bronght into combined action, Whence arises this contrast? 
The one creature has but faintly specialized con 
organs, and fibres for conveying impressions. ‘The other h 
definite muscles and nerves and a co-ordinating centre. T 






















functions so fecbly co-ordinated, that one may be ai 
affected for some time before any effect ix felt by another 
a distance from it; but in the much-differentiated fly, 
remote parts instantly have changes propagated to them fr 
the affected part, and by their united actions thus set up, 
whole organism adjusts itself so a8 to avoid the danger, 
‘These few added illustrations will make the nature of th 
general relation sufficiently clear. Tet us now pass to tl 
interpretation of it. 





$307. If a Mydra is cut in two, the nutritive liquid 
diffused through its substance cannot eseape rapidly, #i 


ditions of the parts at a distance from the cut is but litth 
affected. But where, as in the more-differentiated 
the nutritive liquid is contained in vessels which have 
tinuous communications, cutting the body in two, or eutti 
off any considerable portion of it, it followed by escape of 
the liquid from these vessels to a large extent; and thi i 
affects the nutrition and efficiency of organs remote from 
the place of injury. Then where, as in further-developed — 
creatures, there exists an apparatus for propelling the blo 
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through these ramifying channels, injury of a single one 
will cause a loss of blood that quickly prostrates the entire 
organism. Hence the rise of a completely-differentiated vae- 
cular eyetem, is the rise of a system which intogrates all 
members of the body, by making each dependent on the in- 
tegrity of the yascular system, and therefore on the integrity 
of each member through which it ramifies. Tn 
another mode, too, the establishment of « distributing appa- 
ratus produces a physiological union that is great in propor- 
tion as this distributing apparatus is efficient, As fast as it 
assumes a function unlike the rost, each part of an animal 
modifies the blood in a way more or less unlike the rest, both 
by the materials it abstracts and by the products it adds; 
and hence the more differentiated the yascular system be- 
comes, the more does it integrate all parts by making each 
of them fcel the qualitative modification of the blood which 
every other has produced. This is simply and conspicuously 
exemplified by the lungs. In the absence of a vascular 
system, or in the absence of one that is well marked off 
from the imbedding tissues, the nutritive plasma or the crude 
blood, gets what small aération it can, only by coming near 
the creature's outer surface, or those inner surfaces which are 
bathed by water. But where there have been formed definite 
channels branching throughout the body, and particularly 
whore there exist specialized organs for pumping the blood 
through thew channels, it manifestly becomes possible for 
the airation to be carried on in one part peculiarly modified 
to further it, while all other parts have the aérated blood 
brought to them, And how greatly the differentiation of the 
vascular system thus becomes a means of integrating the 
various organs, is shown by the fatal result that follows when 
the current of arated blood is interrupted. 

Here, indeed, it becomes obvious both that certain physio- 
logical differentiations make possible certain physiol 
integrations; and that, conversely, these integrations make 
possible other differentiationa, Beeldes the waste products 
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wise differentiated, it must equally happen that as fast az 
they become channels along which molecular disturbances 
travel, the parts they connect become physiologically inte- 
grated, in so far that a change in one initiates a change in 
the other, We may dimly perceive that if portions of what 
was originally a uniform mase having a common function, 
undertake subdivisions of the function, the molecular 
changes going on in them will be in some way complemen- 
tary to one another: that peculiar form of molecular motion 
which the one has lost in becoming specialized, the other has 
gained in becoming specialized. And if the molecular motion 
that was common to the two portions while they were undiffer- 
entiated, becomes divided into two complementary kinds of 
molecular motion; then between these portions there will be 
a contmst of molecular motions such that whatever is 
in the one will be minus in the other; and hence there will be 
a special tendency towards a restoration of the molecular equi- 
librium between the two: the molecular motion continually 
propagated away from cither will have its lino of least resist 
ance in the direction of the other. Tf, a8 argued 
in the last chapter, repeated restorations of molecular equili- 
brium, always following the line of least resistance, tend ever 
to make it a line of diminished resistance; then, in propor 
tion as any parts become more physiologically integrated by 
the cetablighment of thie channel for the ensy transmiesion 
of molecular motion between them, they may become more 
physiologically differentiated. The contrast between their 
molecular motions leads to the line of discharge; the line of 
diseharge, once formed, pern a greater contrast of their 
molecular motions to arise; thereupon the quantities of 
molecular motion transferred to restore equilibrium, being 
increased, the channel of transfer is made more permeable; 
oe its further permeability, so caused, rendors possible a still 
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out the higher stages of nervous development, can be seen 
only still more vaguely. Nevertheless, it is comprehensible 
that as functions become further divided, there will arise the 
need for sub-connexions along which there may take place 
secondary cquilibrations subordinate to the main ones. It is 
manifest, too, that whereas the differentiation of functions 
proceeds, not necessarily by division into two, but often by 
division into several, and usually in such ways as not to leave 
any two functions that are just complementary to one an- 
other, the restorations of equilibrium cannot be so simple as 
above supposed. And especially when we bear in mind that 
many differentiated functions, as those of the senses, cannot 
be held complementary to any other functions in particular; 
it becomes manifest that the equilibrations that have to be 
made in an organism of much heterogeneity, are extremely 
complex, and do not take place between each organ and some 
other, but between each organ and all the others, The pecu- 
Viarity of the molecular motion propagated from sach organ, 
has to be neutralized by some counter-peculiari 
average of the molecular motions with which it is brought 
into relation. All the variously-modified molecular motions 
from the various parts, must have their pluses and minuses 
mutually cancelled: if not locally, then at some centre to 
which each unbalanced motion travels until it mects with 
fome opposite unbalanced motion to destroy it, Still, involved 
as these actions must become, it is possible to see how the 
general principle illustrated by the simple ease above sup- 
posed, will continue to hold, For always the molecular 
motion proceeding from any one differentiated part, will 
travel most readily towards that place where a molecular 
motion most complementary to it in kind existe—no matter 
whether this complementary molecular motion be that pro- 
ceeding from any one other organ, or the resultant of the 
molecular motions proceeding from many other organs. So 
that the tendeney will be for each channel of communication 
or nerve, to unite iteelf with some centre or ganglion, where it 
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comes into relation with other nerves. And if there be any 


parta of its peculiar molecular motion uncancelled by the 


molecular motions it meets at this centro; or if, as will prob- 
ably happen, the average molecular motion which it there 
unites to produce, differs from the average molecular motion 
vlsewhere; then, as before, there will arise a discharge along 
another channel or nerve to another centre or ganglion, 
where the residuary difference may be cancelled by the 
differencea it meets; or whence it may be still further 
propagated till it is so cancelled, Thus there will be a ten- 
deney to a general nervous integration keeping pace with 
the differentiation. 

Of course this must be taken as nothing more than the 
indication of initial tendencies—not as an hypothesis suffi- 
cient to account for all the facts. It leaves out of sight the 
origin and functions of ganglia, considered as something more 
than nerve-junctions. Were there only these lines of easy 
transmission of molecular disturbance, a change set up in 
one organ could never do more than produce its equivalent 
of change in some other or others; and there could be none 
of that large amount of motion initiated by a small sensation, 
which we habitually see. Tho facts show, unmistakably, that 
the slight disturbance communicated to a ganglion, causes an 
overthrow of that highly-umstable nervous matter contained 
nit, and a discharge from it of the greatly-increased quantity 
of molecular motion so generated. This, however, is beyond 
our immediate topic. All we have here to note is the inter- 
dependence and unification of functions that naturally follow 
the differentiation of them. 





$309. Something might be added concerning the further 
class of integrations by which organisms are constituted 
mechanically-coherent wholes, Carrying further certain of 
the arguments contained in the last chapter, it might be 
not unreasonably inferred that the binding together of parta 
by bones, muscles, and ligaments, is a secondary result of 
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those «ame actions by which bones, muscles, and ligaments 
are specialized. But adequate treatment of this division of 
the subject is at present scarcely possible. 

What little of fact and inference has been above set down, 
will, however, serve to make comprehensible the general truths 
respecting which, in their main outlines, there can be no 
question, Beginning with the focbly-differentinted sponge, 
of which the integration is also so feeble that cutting off a 
piece interferes in no appreciable degree with the activity 
and growth of the rest, it is undeniable that the advance is 
through stages in which the multiplication of anlike parts 
having unlike actions, is accompanied by an increasing inter 
dependence of the parts and their actions; until we come to 
structures like our own, in which a slight change initiated in 
one part will instantly and powerfully affect all other parts— 
will convulse an immense number of muscles, send a wave of 
contraction through all the blood-vessels, awaken a crowd of 
ideas with an accompanying gush of emotions, affect the 
action of the lungs, of the stomach, and of all the secreting 
organs. And while it is a manifest necessity that along with 
this subdivision of functions which the higher organisms show 
us, there must be this close co-ordination of them, the fore- 
going paragraphs suggest how this necessary correlation ig 
brooght about. For a great part of the physiological union 
that accompanies the physiological spetialization, there ap- 
pears to be a sufficient cause in the process of direct equili- 
bration ; and indirect equilibration may be fairly presumed o 
sufficient cause for that which remains, 








CHAPTER X, 


SUMMARY OF PITYSIOLOGICAL DEVELOPMEN 





$310, Inrencounse between cach part and the particular 
conditions to which it is exposed, cither habitually in the 
individual or occasionally in the race, thus appears to be the 
origin of physiological development ; as we found it to be the 
origin of morphological development. ‘The unlikenesses of 
form that arise among members of an aggregate that were 
originally alike, we traced to unlikenesses in the incident 
forces, And in the foregoing chapters we have traced to 
unlikenesecs in the incident forces, those unlikenosses of 
minute structure and chemical composition that simulta- 
neously arise among the parts. 

In summing up the special truths illustrative of this 
general truth, it will be proper here to contemplate more 
especially their dependence on first principles. Dealing with 
biological phenomena as phenomena of evolution, we have to 
interpret not only the increasing morphological heterogeneity 
of organisms, but also their increasing physiological hetero- 
geneity, in terms of the re-distribution of matter and motion. 
While we make our rapid of the facts, let us then 
more particularly observe how they are subordinate to the 
universal course of this re-distribution. 








$311. The instability of the homogencous, or, strictly 

speaking, the inevitable lapse of the more homogeneous into 

the less homogeneous, which we before saw endlessly exem- 
ed 
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plified by the morphological differentiations of the parts of 
organisme, we have here seen afresh exemplified in ways also 
countless, by the physiological differentiations of their parts. 
And in the one case as in the other, this change from uni- 
formity to multiformity in organic aggregates, is eased, ag 
it is in all inorganic aggregates, by the necessary exposure 
of their component parts to actions unlike in kind or quan: 
tity or both. General proof of this is furnished by the order 
in which the differences appear. If parts are rendered 
physiologically heterogencous by the heterogeneity of the in- 
cident forces, then the earliest contrasts should be between 
parts that are the most strongly contrasted in their relations 
to incident forces; the next earliest contrasts should occur 
where there are the next strongest contrasts in these relations ; 
and soon. It turns out that they do so. 

Everywhere the differentiation of outside from inside 
comes first. In the simplest plants the unlikeness of the 
cell-wall to the cell-contents is the conspicuous trait of 
structure, The contrasts seen in the simplest animals are 
of the same kind: the film that covers a Rhizopod and the 
more indurated coat of an Infusorian, are more unlike the 
contained sarcode than the other parte of this are from one 
another; and the tendeney during the life of the animal is 
for the unlikeness to become greater, What is trac 
of Protophyta and Protozoa, is true of the germs of all organ- 
isms up to the highest: the differentiation of outer from inner 
is the firet stop, When the protoplasm of an Alga-cell has 
broken up into the clusters of granules which are eventually 
to become spores, each of these quickly acquires a mem- 
branous coating; constituting an unlikenoss between surface 
and centre, Similarly with the ovule of every higher plant: 
the mass of cells forming it, early exhibits an outside layer of 
colls distinguished from the cells within. With animal-germs 
it is the same. Be it in a ciliated gemmule, be it in the 
unfertilized ova of Aphides and of the Ceeidomyia, or be it in 
true ova, the primary differentiation conforms to the rola- 
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tions of exterior and interior. Tf we turn to adult 
organisms, vegetal or animal, we see that whether they do or — 
do not display other contrasts of parts, they always display = 
this contrast. Though otherwise almvat homogeneous, such 
Fungi oa the pull-ball, or, among Alga, all which have a 
thallus of any thickness, present marked differences between 
those of their cells which are in immediate contact with the 
environment and those which are not, Such differences they 
present in common with every higher plant; which, here in 
the shape of bark and there in the shape of euticle, has an 
envelope inclosing it even up to its petals and stamens. In 
like manner among animals, there is always vither a true 
skin or an outer cont analogous to one. Wherever aggrogates 
of the first order have united into aggregates of the second 
and third orders—wherever they bave become the morpho- 
logical units of such higher aggregates—the outermost of 
them have grown unlike those lying within. Even the 
Sponge is not without a layer that may by analogy be called 
dermal. 

‘This lapse of the relatively homogeneous into the rela- 
tively heterogeneous, first showing itself, ax on the hypothesis 
of evolution it must do, hy the rise of an unlikeness between 
outside and inside, goes on next to show itself, as we infer | 
that it must do, by the establishment of secondary contrasts 
among the outer parts answering to secondary contrasts 
among the forces falling on them. So long as the whole sure 
face of a plant remains similarly related to the environment, 
as in a Protococeus, it remains uniform ; but when there come 
to be an attached surface and a free surface, these, being sub- 
ject to unlike actions, are rendered unlike. hie is visible 
even in a unicellular Alga when it becomes fixed; it is 
shown in the distinction between the under and upper parts 
of ordinary Fungi: and we sce it in tho universal difference 
hetwoen the imbedded ends and the exposed ends of the 
higher plants. And then among the less marked contrasta 
of surface anawering to the leas marked contrasts in the inei- 
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dent forces, come those between the upper and under sides of 
leaves; which, as we have seen, vary in degree as the con- 
trusts of forces vary in degree, and disappear where these con- 
trasts disappear. Equally clear proof ix furnished 
by animals, that tho original uniformity of surface lapses into 
multiformity, in proportion as the actions of the environment 
upon the surface become multiform. Tn a Werm, burrowing 
through damp soil whieh acts equally on all its sides, or ina 
Tenia, uniformly bathed by the contents of the intestine it 
inhabits, the parte of the integument do not appreciably 
differ from one another; but in creatures not surrounded by 
the sume agencies, ax those that crawl and those that have 
their bodies partially inclosed, there are unlikenesses of in- 
tegument corresponding to unlikencsses of the conditions. A 
snail's foot has an under surface not uniform with the 
exposed eurface of ite body, and this again is not uniform 
with the protected surface. Among articulate animals there 
is usually a distinction between the ventral and the dorsal 
aspects; and in those of the Arthropoda which subject their 
anterior and posterior ends to different environing agencies, 
as do the ant-lion and the hermit-crab, these become super- 
ficially differentiated. Analogous general contrasts 
oceur among the Vertebrata. Fishes, though their outsides are 
uniformly bathed by water, have their backs more exposed 
to light than their bellies, and the two are commonly distinct 
in colour. When it is not the back and belly which are thus 
dissimilarly conditioned, but the sides,as in the Plouroncetida, 
then it is the sides which become contrasted ; and there may 
be significance in the faet that those abnormal individuals of 
this order which revert to the ancestral undistorted type, and 
swim vertically, have the two sides alike In such higher 
vertebrates as reptiles, we see repeated this differentiation 
of the upper and under surfaces: especially in those of them 
which, like snakes, expose these surfaces to the most diverse 
actions. Even in birds and mammals which usually, by 
raising the under surface considerably above the ground, 
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greatly diminish the contrast between its conditions and 


remains some unlikenese of clothing answering to the remai 
ing unlikeness between the conditions. ‘Thus, with- 
out by any means saying that all such differentiations are 
directly caused by differences in the actions of incident forces, 
which, as before shown ($241), they cannot be, it is clear 
that many of them aro so caused, It is clear that parts of 
the surface exposed to very unlike environing agencies, become 
very unlike; and this is all that needs to be shown. 

Complex. as are the transformations of the inner parts 
of organisms from the relatively homogeneous into the rela 
tively heterogencous, we still see among them a conformity 
to the same general order. In both plants and animals the 
earlier internal differentiations anawer to the stronger con- 
trasts of conditions. Plants, absorbing all their 
nutriment through their outer surfaces, are internally modi- 
fied mainly by the transfer of materials and by mechanical 
stress, Such of them as do not raise their fronds above the 
surface, have their inner tissues subject to no marked con- 
trasts save those caused by currents of sap; and the lines 
of lengthened and otherwise changed cells which are formed 
where these currents run, and are most conspicuous where 
these currents must obviously be the strongest, are the only 
decided differentiations of the interior, But where, as in 
the higher Cryptogams and in Phonogame, the leaves are 
upheld, and the supporting. stem is transversely bent by 
the wind, the inner tissues, subject to different amounts of 
mechanical strain, differentiate accordingly: the deposit of 
dense substance commences in that region where the sap- 
containing cells and canals suffer the greatest intermittent 
compressions. Animals, or at least such of them 
as take food into their intoriors, are subject to forces of 
another cliss tending to destroy their original homogeneity. 
Food is a foreign substance which acts on the interior as an 
cnyironing object which touches it acts on the exterior—is 
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conditions to which the upper surface is subject, there still 
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literally a portion of the environment which, when ¢wal- 
lowed, becomes a cause of internal differentiations as the rest 
of the environment continues a cause of external differentia- 
tions. How essentially parallel are the two sets of actions 
and reactions, we have seen implied by the primordial identity - 
of the endoderm and ectoderm in simple animals, and of the 
skin and mucous membrane in complex animala($$ 288, 289). 
Here we have further to observe that as food is the original 
sources of internal differentiations, these may be expected to 
show themselves first where the influence of the food ix 
greatest; and to appear later in proportion as the parts are 
more removed from the influence of the food. They do this. 
In animals of low type, the conts of the alimentary cavity or 
canal are more differentiated than the tisaue which lies be- 
tweon the alimentary canal and the wall of the body. ‘This tis- 
suein the higher Calenterata,is a feebly-organized parenchyma 
traversed by ennals lined with simple ciliated cells; and in the 
lower Mollusca the structures bounding the perivisceral cavity 
and its ramifying sinuses, arc similarly imperfect, Further, 
it is observable that the differentiation of this perivisceral 
eac and its sinuses into a vascular system, proceeds centri- 
fugally from the region where the absorbed nutriment enters 
the mass of circulating liquid, and whore this liquid is quali- 
tatively more unlike the tissues than it is at the remoter 
parts of the body. 

Physiological development, then, is initiated by that in- 
stability of the homogencous which we have seen to be every- 
where n cause of evolution (First Principles, 88 149—155). 
That the passage from comparative uniformity of composi- 
tion and minute structure to comparative multiformity, ix set 
up in organic aggregates, as in all other aggregates, by the 
necessary unlikenesses of the actions to which the parts are 
subject, is shown by the universal rise of the primary differen- 
tiation into tho parts that are universally most contrasted in 
their circumstances, and by the rise of secondary differon- 
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tiations obviously related in their order to secondary contrasts 
of conditions. 


$312, How physiological development has all along been 
aided by the multiplication of effects—how each differen- 
tiation has ever tended to become the parent of new differen- 
tiation, we have bad, incidentally, various illustrations. Let 
tus here review the working of this cause. 

Among plants we eee it in the production of progressively- 
multiplying heterogeneities of tissue by progressive increase 
of bulk, The integration of fronds into axes and of axes into 
groups of axes, sets up unlikencsses of action among the 
integrated units, followed by unlikencsses of minute struc- 
ture. Each gust transversely strains the vations parts of the 
stem in various degrees, and longitudinally strains in various 
degrees the roots; and while there is inequality of stress at 
every place in stem and branch, so, at every place in stem 
and branch, the outer layers and the successively inner layers 
are severally extended und compressed to unequal amounts, 
and have unequal modifications wrought in them. Let the 
troe add to its periphery another generation of the unite 
composing it, and immediately the mechanical strains on the 
supporting parts are all changed in different degrees, initiat- 
inig new differences internally, Externally, too, new differ- 
‘ences are initiated. Shaded by the leaf-bearing outer stratum 
of shoots, the inner structures cease to bear leaves, or to put 
out shoots which bear leaves ; and instead of that green cover 
ing which they originally had, become covered with bark of 
increasing thickness. Manifestly, then, the larger integration 
of units that are orginally eimple and uniform, entails 
physiological changes of various orders, varying in their 
dogroes at all parts of the aggregate. Each branch which, 
favourably circumstanced, flourishes more than its neigh- 
ours, becomes a cause of physiological differentiations, not 
only in its neighbours from which it abstracts sap and pres- 
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ently turns from leaf-bearers into fruit-bearers, but also in 
the remoter parta. 

‘That among animals physiological development is fur- 
thered by the multiplication of effects, we have lately seen 
proved by the many changes in other organs, which the 
growth or modification of each exervting and secreting organ 
initiates. By the abstracted as well as by the added mate- 
rials, it alters the quality of the blood passing through all 
members of the body; or by the liquid it pours into the 
alimentary canal, it acta on the food, and through it on the 
blood, and through it on the system as a whole: an addi- 
tional differentiation in-one part thus setting up additional 
differentiations in many other parts; from each of which, 
again, secondary differentiating forces reverberate through 
the organism, Or, to take an influence of another order, we 
have seep how the modified mechanical action of any member 
not only modifies that member, but becomes, by it reactions, 
a cause of secondary modifications—how, for example, the 
burrowing habits of the common mole, leading to an almost 
exclusive use of the fore limbs, have entailed a dwindling 
of the hind limbs, and a concomitant dwindling of the 
pelvis, which, becoming too small for the passage of the 
young, has initiated still more anomaloug modifications. 

So that throughout physiological development, as in evo- 
lution at large, the multiplication of effects has been a factor 
constantly at work, and working more actively as the develop- 
ment has advanced. The secondary changes wrought by 
each primary change, have nocoséarily become more numerous 
in proportion as organisms have become more complex. And 
avery increased multiplication of effects, further differen- 
tiating the organism and, by consequence, further integrating 
it, has prepared the way for still higher differentiations and 
integrations similarly caused. 








§ 813. The general trath next to be resumed, is that these 
processes have for their limit a state of equilibrium—proxi- 
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mately a moving equilibrium and ultimately a complet 
equilibrium. ‘The changes we have contemplated are but the 
concomitants of a progressing equilibration. In every aggre 
gate which we call living, a3 well as in all other aggregates, 
the instability of the homogeneous is but another name for ] 
the ubsence of balanee between the incident forees and the 
forces which the aggregate opposes to them; and the passage 
into heterogeneity is the passage towards a state of balance. 
And to say that in every aggregate, organic or other, there 
goce on a multiplication of effects, is but to say that one part 
which has a fresh force impressed on it, must go on changing 
and communicating secondary changes, until the whole of the 
impressed force has been used up in generating equivalent 
reactive forces. 
‘The principle that whatever new action an organiam ia 
subject to, must either overthrow the moving equilibrium of 
its functions and cause the sudden equilibration called death, 
or else must progressively alter the organic rhythms umtil, — 
by the establishment of a new reaction balancing the new 
action a new moying equilibrium is produced, applies as 
much to cach member of an organism as to the organism in 
its totality. Any force falling on any part not adapted to 
bear it, must either cause loen! destruction of tissue, or must, 
without destroying the tissue, continue to change it until it 
can change it no further; that i»—until the modified reaction 
of the part has become equal to the modified action. What- 
ever the nature of the force this must happen, Tf it is a 
mechanical foree, then the immediate effect is some distortion 
of the part—a distortion having for its limit that attitude 
in which the resistance of the structures to further change of 
position, balances the force tending to produce the farther 
change; and the ultimate effect, supposing the force to be con- 
tinuous or recurrent, is such a permanent alteration of form, 
or alteration of atructure, or both, as establishes a permanent 
balance. If the Yoree is physico-chemical, or chemical, the 
general result is still the same: the component molecules of 
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the tissue must have their molecular arrangements changed, 
and the change in their molecular arrangements must go on 
until their molecular motions are xo re-adjusted as to equili- 
brate the molecular motions of the new physico-chemical or 
chemical agent, In other words, the organic matter com- 
posing the part, if it continues to be organic matter at all, 
must assume that molecular composition which enables it to 
bear, or as we say adapts it to, the incident forces, 

Nor is it less certain that throughout the organism as a 
whole, equilibration is alike the proximate limit of the changes 
wrought by each action, as well as the ultimate limit of the 
changes wrought by any recurrent actions or continuous 
action. The movements every instant going on, are moye- 
ments towards a new state of equilibrium. Raising a limb 
causes n simultaneous shifting of the centre of gravity, and 
such altered tensions and pressures throughout the body as 
re-adjuet the disturbed balance, Passage of liquid into or 
out of a tizeue, implies some excess of force in one direction 
there at work ; and ceases only when the force so diminishes or 
the counter-forces so increase that the excess disappears, A 
nervous discharge is reflected and re-reflected from part to 
part, until it has all been used up in the r~arrangements pro- 
duced—equilibrated by the reactions called out. And what 
is thus obviously true of every normal change, ia equally true 
‘of every abnormal chingo—every disturbance of the estab- 
lished rhythm of the functions, If such disturbance is a 
single one, the perturbations set. up by. it, reverberating 
throughout the system, leave its moving equilibriun slightly 
altered. If the disturbance is repeated or persistent, its suc- 
ceasive effects accumulate until they have produced a new 
moving equilibrium adjusted to the new force. 

Each re-tmlancing of actions, haying for it necessary con- 
comitant a modification of tissues, it is an obvious corollary 
that organisms subjected to successive changes of conditions, 
must undergo successive difforentiations and re-differentia- 
tions. Direct cquilibration in organisms, with all its accomn- 
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panying structural alterations, is as certain as is that uni- 
versal progress towards equilibrium of which it fortus part. 
And just as certain is that indirect equilibration in organisms 
to which the remaining large cluss of differentiations is duc. 
‘The development of favourable variations by the killing of 
individuals in which they do not occur or are least marked, 
is, us before, a balancing between certain local structures and 
the forces they are exposed to; and is no less inevitable than 
the other, 


§ 314. In all which universal laws, we find ourselves again 
brought down to the persistence of force, as the deepest 
knowable cause of those modifications which constitute 
physiological development; as it is the deepest knowable 
couse of ull other evolution. Here, as elsewhere, the per- 
petual Japse from leas to greater heterogeneity, the perpetual 
begetting of eccondary modifications by each primary modi- 
fication, and the perpetual approach to a temporary balance 
on the way towards a final balance, are necessary implica- 
tions of the ultimate fact that force cannot disappear but ean 
only change its form. 

Tt is an unquestionable deduction from the persistence of 
foree, that in every individual organism cach new incident 
force must work its equivalent of change; and that where it 
is a constant or recurrent foree, the limit of the change it 
works must be an adaptation of structure such as opposes to 
the new outer force an equal inner force, The only thing 
open to question is, whether such re-adjustment is inherit~ 
able; and further consideration will, I think, show, that to 
say it is not inheritable is indirectly to say that force does 
not persist. If all parts of an organism have their fane- 
tions co-ordinated into a moving equilibrium, such that every 
port perpetually influences all other parts, and cannot be 
changed without initiating changes in all other parts—if the 
limit of change is the extablishment of a complete harmony 
, moleentar and other, of al\ parts; then 
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among other parts that are modified, molecularly or other- 
wise, must be those which cast off the germs of new orgun- 
nd 





isms, The molecules of their produced germs must 
ever to conform the motions of their components, and the 
fore the arrangements of their components, to the molecular 
forces of the organism as a whole; and if thia aggregate 
of molecular forces be modified in its distribution by a local 
ture, the molecules of the germs must b 











change of stra 
gradually changed in the motions and arrangements of their 
components, until they are re-adjusted to the aggregate of 
molecular for 














CHAPTER X*+. 


THE INTEGRATION OF THE ORGANIC WORLD, 


§314a, Tar from the beginning of life there has been 
an ever-increasing heterogeneity in the Earth's Flora and 
Fauna, is a truth recognized by all biologists who accept the 
doctrine of evolution. In discussing the origin of species 
Mr, Darwin and others have been mainly occupied in ex- 
plaining tho genesis of now this and now that form of 
organism, considered as a member of one or other series, and 
regarded ax becoming differentiated from its allies. But by 
implication, if not avowedly, there has been simultancously 
accepted the belief that the forms continually produced by 
divergences and re-divergences, have constituted an asaem- 
blage inereasingly multiform in its included kinds, And 
this, which we are shown by the process of organic evolution 
as followed out in its details, is a corollary from the doetrine 
of evolution at large, us was pointed out in $159 of First 
Principles. 

Meanwhile there has been little if any recognition of an 
accompanying change, no Jess fundamental. In the general 
transformation which constitutes Evolution, differentiation 
and integration advance hand in hand; so that along with 
the production of unlike parts there progresses the union of 
these unlike parts into a whole, Examples of various kinde 
before given will recur to the reader, and an addition to them 
hag just beon set forth in the chapter on “ Physiological 
Integration.” One more example, world-wide in its reach, 
has still to be named. 
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For here it remains to point out that along with the in- 
creasing multiplication of types of organisms covering the 
Earth’s surface, there has been ever going on an increasing 
mutual dependence of them—an increasing integration of 
the entire aggregate of living things. 

Many facts which are obvious and many which are quite 
familiar will be named as evidence. But [ must be exeused 
for reminding the reader of things that he knows and things 
that he may easily observe, since, unless the evidence, trite 
ax it may be, is gathered together and properly marshalled, 
the generalization enunciated will not be thought valid. 


$314). Respecting the physiological characters of the 
earliest forms there is an assumption from which no escape 
seems poesible—the assumption that they united animal and 
vegetal characters. Even among existing microseopie types 
of the lowest classes, there is such community of plant- 
traits and animal-traits that doubts respecting their proper 
places in one or the other kingdom are continually raised 
—dloubts, too, whether, if regarded as vegetal, they are to be 
grouped as algoid or fungoid 

Here, however, without entering on moot. questions, we 
may draw the é prior’ conclusion that these earliest living 
things were double-natured, in so far that they must have 
had the ability to assimilate from the inorganic world all the 
materials of which protoplasm consists—must therefore, 
along with the power of appropriating carbon from its gase- 
ous compound, also have had the power of appropriating ni- 
trogen, either from one of its combined oxides or directly from 
the air with which wator is more or less charged. For before 
organic substances existed there could have been none but 
inorganic sources from which nitrogen could be obtained. 

This conclusion coneerns us only because it implies 
homogeneity of nature in those primordial forms of life. 
There could not at first have existed among these minutest 
of Protozoa even such vague distinctions as are now presented 
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in a shadowy way by their modern representatives. And the 
implication is that during the period throughout: which theee 
smallest, lowest, and simplest living things alone existed, 
there could have been, in the absence of kinds, no mutual 
dependence. 

Since, among various of the lowest types now known to: 
us, the same individual exbibits a life which is now pre- 
dominantly vegetal and now predominantly animal, we 
cannot err in assuming that there eventually took place 
differentintions of this original plant-unimal type into types 
permanently unlike: some in which the traits were more 
markedly vegetal and others in which they were more 
markedly animal. As fast as this differentiation arose, 
there came the beginninga of cooperation between the pre 
dominantly vegetal types which by the aid of light formed 
organic matter from the inorganic world, and the predomi- 
nantly animal types which, in chief measure, utilized the 
matter so formed. Evidently with the rise of such a dif- 
ferentiation came an incipient mutual dependence. If to 
the implied algoid type and the animal type there be added 
the fungoid type, somewhat intermediate in character, which 
in a large proportion of cases lives on the decaying remnants 
of the other two, we are furnished with a rude conception of 
the primary differentintions and the accompanying vague 
mutual dependences 

Speculation aside, it suffices to say that early in the history 
of life there must have arisen the distinction between Pro- 
tozoa and Protophyta, and that this distinction foreshadowed 
that widest contrast which the higher organic world presents 
—the contrast between plants and animals. Tt is needless 
to do more than name the mutual dependence between these 
two great divisions, That, as being respectively decomposers 
of carbon dioxide and exhalers of carbon dioxide, they act 
reciprocally, as also in some measure by interchange of nitro~ 
genous matters; and that the implied general cooperation 
serves in an indirect way to unite their lives, and in that 
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venee Lo integrate the two kingdoms; needs not to be insisted 
upon. Further complications of the mutual dependence will 
Le mentioned by and by. For the present it suffices to 
recognize this division of organic functions as the first whieh 
arose and as continuing to be that fundamental one which 
more than all others binds organisms at large together. 








§314c. It will be thought by many readors that in «peak- 
ing of the contrasted vital activities of plants and animals as 
constituting a “division of organic functions,” Tam straining 
words beyond their meanings; sinee the conception of organic 
functions postulates an organized whole in which they exist, 
and plants and animals constitute no euch organized whole, 
But there is at hand an unexpected defence for this eoneep- 
tion—a defence not forthcoming a generation ago, but which 
now all biologists will recognize as relevant, T refer to the 
phenomena of symbiosis. ‘These present various eases in 
which the plant-function and the animal-function are carried 
‘on in the same body,—cases in which the cooperation is not 
between coparate vegetal organisms which accumulate nutri- 
tive matters and separate animal organisms which consumo 
them, but is a cooperation between vegetal olements and 
animal clements forming parts of the same organism, 

As introductory to examples of these must first, however, 
be named an example of such cooperation between the two 
great classes of vegetal organisine—the fungoid and the al 
goid. Incredible as the statement once semed, it ik a etate- 
ment now accepted, that what we know as lichens, and used ty 
consider as plants forming a certain low class, are now found 
to be not plants in the ordinary sense at all, but compound 
growths formed of minute alge and minute fungi, carrying 
on their lives together: the alge furnishing to the fungi 
certain constituents they need bat cannot direetly obtain, 
and the fungi profiting by cortain materials they obtain from 
the algw, either while living or while individually decayine 
Whence it would se-m that after the microscopic vegetal 
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type had become in a large degree differentiated into two 
main types, in adaptation to different conditions of life, and 
had aequired appropriate specialities of nature, there grew up 
this communistic arrangement between certain of them, en- 
abling each to benefit by the powers which the other had 
acquired; evidently an exchange of services, a physiological 
division of labour, a mutual dependence of functions analo~ 
gous to that which exists between functions in an ordinary 
plant or animal. 

Not differing in principle but only in application, is that 
symbiosis above referred to as existing between Protophyta 
and many Protozoa, as well as between such Protophyta 
and the lowest kinds of Metazoa, A recent statement that 
certain amcbe, made green by contained chlorophyll, con- 
tinue to grow and multiply after they have consumed what 
nutritive matter may be at hand, is in harmony with various 
facts alleged of other Protozoa—various other kinds of Rhizo- 
pods, various Meltozoa, numerous cilinted and flagellated 
Infusoria, Among Metazoa the like association oceura in 
one of the sponges, in the Hydra viridis, in various turbel- 
larians, in a rotifer, and even in two molluses, In. these 
cases the partnership between the vegetal cells and the 
animal cells (existing either as units or as an organized group 
such as a polype), is partnership which, as before, profits 
each of the partners—an inference supported by the fact that 
Motazoa containing these algoid cells usually place them- 
selves where the light falls upon them, and can therefore 
further the production of the carbo-hydrates which event- 
ually become useful to the animal-cells, while these in some 
way reciprocate the benefit. 

Here, then, we have exchange of services between asso- 
ciated plant-elements and animal-elements—a performance 
by them of different organic functions for the benefit of the 
aggregate which they unite to form. Hence, when these 
vegetal elements and animal elements are separately em 
bodied in plants and animals, which profit by one another, 
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we may still properly regard their respective lives as mutually= 
dependent organic functions, as said in the preceding section, 
We are. enabled the better to see how the Earth's Flora and 
Fauna, which are respectively accumulators of motion and 
expenders of motion, form mutually-dependent parts of a 
whole, and are in that sense integrated. And we shall be 
prepared to see how all other relations between organisms 
which make them subservient one to another, similarly con- 
stitute elements in u generalintegration of the organic world, 


§ 314d. Another form of mutual dopendence and conse- 
quently of integration is conspicuons—that which accom. 
panied the progressive inerease of size in organisms of the 
higher classes. We have but to contemplate the possibilities 
to sce that life must necessarily have commenced with minute 
forms, and that the progress to larger oncs must have been 
by small steps. 

For had creatures of appreciable sizes been the first to 
exist they would inevitably have disappeared from lack of 
food, Having no resource but to devour one another, they 
would quickly have brought life to an end. There must hare 
been smaller types eerving as prey for larger ones before 
these could continuc to exist and to moltiply: microbes 
affording food to infusoria, infusoria affording food to such 
sized creatures ax the Entomostraca, these again supplying 
food to small fishes, such as Toch-trout, and these last yielding 
to larger fishes masses sufficiently great for their needs: each 
higher grade requiring lower grades of appropriate bulk, It 
needs but to ask what would become of tigers if there were 
no mammals larger than mice, to see that the animal world is 
@ linked assemblage, of which the connected members stand 
within certain ratios of mass; and that during the evolution 
of higher and larger types the linking of grades has become 
closer. 

That among plants considered a3 an aggregate relations 
of like kind, though far less distinct onez, have all along 
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z may be reasonably concluded. In a world 
peopled only by microscopic types there could not have 
oxisted the conditions needful for large trees. Gradual dis- 
integration of rock-surfaces, partly effected by physical 
agencies and partly by low forms of plants, had to prepare 
the way for superior plants. ‘The production of sufficient 

. soil by mineralogical decay as well as by the decay of 
organisms, plant and animal, may be regarded as having 
beon a preliminary to larger plant-growth; and though at 
present the dependence is far less close than that among 

nimals, yet the benefits yielded to metaphytes by the de- 

composing actions carried on hy protophytes, as well as those 
carried on by microbes permeating the soil, imply a con- 
tinued general interdependence throughout the aggregate of 
plant-forme, apart from more special interdepondences, And 
then along with this indobtodnoss of the greater plants to 
the smaller during the process of evolution, there must be 
named that indebtedness of plant-life to animal-life which 

Mr, Darwin has shown in his book on the agency of worms 

as producers of mould, 


been. growi 














§ 314¢, Services of one to another, and consequent unions, 
of more special kinds are infinitely varied, alike within each 
kingdom and between the two kingdoms. T refer to those 
seen in parasitism, commensalism, and other forma of asso- 
ciation, While they do not conduce to unions of the kind 
thus far considered, these nevertheless constitute innumier- 
able links whereby the lives of organisms, plant and animal, 
are tied together; sometimes for the advantage of both but 
in most cases for the benefit of one to the injury of the other. 

Among plants the di of dependence are various. Un- 
able to raise themselves into the air and light, some climb, 
like the ivy, by modified rootleta, or spirally eoil themselves, 
or hang by tendrils. Others there are which gradually 
strangle the trees they embrace, or which, like lichens in 
damp climates, festooning the smaller trees, by and by cause 
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their decay, Of higher types of epiphytes which use trees 
only to gain elevation, the orchids may be instanced. And 
then we have plants whieh, like the mistletoe, fix themselves 
on the bark of their hosta, utilizing them partly for purposes 
of elevation and partly by appropriation of their juices. After 
these may be named those extreme eases in which the para- 
sitic plants, ceasing to have any chlorophyll-bearing leaves, 
live wholly on the juices of the invaded plants. At home 
the common dodder, and in the tropics the Rafflesiacea, 
belong to this group. There must be added the numerous 
forms of minute fungi which in like manner thrive at the 
expense of the planta they infest. In all theese eases the 
interdepend is one-sided, though, az we shall presently 
see, while detrimental to one of the two concerned, it is not 
always detrimental to the organic world as a whole. 

That utilization of one by another among animals which 
causes immediate death, is familiar enough in the relations 
between carnivores and herbivores. Almost as familiar are 
those seen in parasitism. Less familiar are those seen in 
commensalism ; and the least familiar are those which show 
us exchange of services. Among these last—the mutually. 
beneficial relations—that between the crocodile and the bird 
which picks parasites out of its tecth ie a striking one; and 
no Joss so is that of the pique-gouffe, an African bird which 
pierces the tumour on a buffalo’ back that incloaes a para- 
site. Then of another kind we have the connexion betwoen 
aphides and ants: the one profiting by being carried ta 
better pastures and the other by increased saccharine exere- 
tion. Next comes the class of messmates, the connexions 
between some of which are relatively innocent, as witness 
the Sea-anemone which settles iteclf on the shell occupied 
by a Hermit-crab, or as witness the Remora fixed on a 
shark's skin. Less innocent is the relation under which one 
of the two seizes a share of the food obtained by the other, 
like the annelid which insinuates itself between the Hermit- 
erab and the whelk-ehell it inhabits, or like the small fishes 
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inhabiting certain Medusa, or those which nestle in the 
branchial sac of the Lophius. After these may be named the 
less injurious forms of parasites proper—those which, dis- 
tinguished as Mpizoa, fix themselves on the skins of their 
hosts, permanently or temporarily, such as, of the one kind, 
the Lernea on fishes, and of the other kind the Tick on 
mammals and birds. Then there come the other class of 
parasites, most of thom highly injurious, distinguished as 
Entozoa, living within the bodies of their hosts, now in parts 
of their alimentary canals, now on other of their mucous 
surfaces, and now in various of their organs: these last two 
groups being so numerous in their kinds that there are 
commonly more species than one proper to cach larger animal. 
One stege further in the complication meets us in the para- 
sites upon parasites, 

But now the general fact, to which these brief indications 
are introductory, is that the use made of one organism by 
another has been ever widening and becoming more involved. 
Among plants utilization of the larger by the smaller—of 
trees hy epiphytes and parasites—must have arisen since the 
times when the larger came into existenco—times relatively 
late in the course of organie evolution. Moreover moat of 
the plants which utilize others, either by climbing up them or 
settling themselves high up on their stems or sucking their 
juices, are phenogams, and the plants they utilize are alao 
phanogams; so that these innumerable interdependences 
must have been established since the phenogamie type has 
become so predominant in respect of both size and kind. 
Similarly among animals. Though there are many parasites 
belonging, like the Trematodes, to very low clas there-are 
many which belong to the Arthropoda, and, being degraded 
forms of that clase, must have come into existence after 
Arthropods of considerable structure had boon evolved, 
Again, a large part of the animals infested by Zpizoa and 
Entozoa are vertebrates—many of the highest types; and as 
these are relatively modern all this parasitism must be of 
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late date. So, too, of much commensalism and many 
mutually-beneficial agsociations. ‘The reciprocal services of 
ants and aphides must have originated since the Hymenoptera 
and Hemiptera became established types, and since the days 
when certain inseets of the ant-type had become social, and 
since the days when aphides had become degraded members 
of their order: both dates being relatively recent. And still 
more recent must have been the commensalism between the 
ants and the many species of other insects which inhabit 
their nests. 

Leaving out relations of the kinds just named, it seems 
that down from those between carnivores and their prey to 
those between lice and their hosts, such relations profit one 
of the two species concerned and injure the other, and that 
there tho matter ends, But it does not end there; for that 
multiplication of effects te which people are usually blind, 
brings about changes which, as hinted above, though inju- 
rious to the individual are beneficial to the species, and 
which, when not beneficial to the species, are often beneficial 
to the aggregate of species. 

Even where animals of one claes live by devouring animals 
of another class, we see, on looking beyond the immediate 
results, certain remote results that wre advantageous. In 
the first place the process is one by which inferior individuals 
—the least agile, swift, strong, or sagacious—are picked out 
and prevented from leaving posterity and lowering the 
average quality of their kind. At the same time individuals 
made feeble by injury or old age, are among those to be 
Killed and saved from suffering prolonged pains: the evils of 
death by disease and starvation being thus limited to the pre- 
datory animals, relatively small in their numbers. Mean- 
while a check is put on undue multiplication. Where a tract 
of country has been overran by rabbits, weasels, thriving on 
the abundant supply of food, presently become numerous 
enough to bring the population of rabbits within moderate 
limits; and by doing this benefit not only all those kinds af 
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selves; since, increasing beyond the roeans of sebcistence’ a, 
large part of them would, if not killel, die of hunger. Be 
tween aphides and lady-binks we se 2 connexion of Tike — 
nature: great increase of the fret yielding abundant food te 
larva: of the second, ending after a season or so in ewarms of 
lady-birds, and consequently of their larve, whereby the 
aphides, immensely diminishal, cease so greatly ta injare 
various plants and the animals dependent on them, Eyen 
minute parasites, iy the evils they inflict om ome species, 
profit others: instance the enormous destruction of fies 
which a microscopic fungus caused a few years ago—o 
destruction which relieved not only man but all the animals 
which flies irritate: often so much as to hinder them from 
feeding. Such instances remind ux how numerous are the 
bonds by which the lives of organisms are tied together. 


$314/. I have reserved to the last the clearest and most 
striking illustration of this progressing integration through 
out the organic world. I refer to the mntually-beneficial 
relations established between plants and animals through the 
agency of flowers and insects. 

Everyone nowadays has been made familiar with the prow 
cess of plant-fertilization, and knows that (leaving out of 
consideration plants fertilized by wind-borne pollen) the 
ability to bear sced depends largely on the aid given by bees, 
butterflies, and moths. The exchange of services has been 
growing ever more various and complicated during long past 
periods, We have the acquirement by flowers of bright 
colours serving to guide these insects to places where honey 
is to be found; and we have their perfumes, aleo serving for 
guidance. Then we have the many different arrangements, 
often complicated, by which the visiting insects are obliged 
pollen and dust with it the stigmas of flowers 
subsequently settle: thus effecting cross- 
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fertilization. Part passu have gone on insect-developments 
made possible by these arrangements and furthering them. 
Especially must be named the modifiention of certain Hymen- 
optera into honey-storing bees: the implication being that 
the entite economy established by these social insects has 
been sequent on the growth of this system of reciprocal 
benefits, And then, just instancing the dependence between 
a particular flower having a long tubular corolla, and a par- 
ticular moth having an appropriately long proboscis, it 
suffices to say that innumerable specialities of this general 
relation everywhere multiply. the links by which the vegetal 
world and the animal world are here connected. That the 
effects of the connections tell largely on the prosperity of 
both, is suggested by some instances Mr. Darwin gives, and 
by a statement recently made in the United States, by Dr. L. 
©. Howard, that the greater fostering of bees would much 
increase certain of the crops. 

But now observe the broad fact to which these few details 
concerning plant-fertilization are introductory. All these 
general and special relations between plants and animals 
have arisen since the phmnogamic type came into existenco— 
have, indeed, arisen since the higher members of that type, 
the Angiosperms, have appeared; for the Gymnoxperms do 
not play any part in this intercommunion, But so far as we 
can judge of present results of geologic explorations, there 
were no Angiosperms during the Eozoie and Paleozoic 
periods. So that this clase of connexions between animals 
and vegetala must have been established since carboniferous 
times—a period long, indeed, but far shorter than that which 
organic evolution at large has occupied. 


§ 314g. T have but just touched on some salient parts of a 
subject, immense in extent and extremely involved, which it 
would take a volume to set forth adequately, Enough has 
been said, however, to indicate the trath which it is the 
purpose of the chapter to ring into view and emphasize— 


le 
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the truth that both of the two great laws of evolution arc 
exemplified in the organic world as 6 whole, as they are 
exemplified in every organism, and in all other things. 

‘The reader has long since become familiar with the gene- 
ralization that while Evolution is a change from the homo- 
geneous to the heterogeneous, it is also a change from the 
incoherent to the coherent; and this change from the inco- 
herent to the coherent has been above exhibited as going on 
even throughout that vast assemblage of organisms, plant 
and animal, which cover the Earth's surface. In what we 
are obliged to conceive as the earliest stage, when the most 
minute types of life alone existed, the aggregate of living 
things was ut once homogencous and incoherent, Tn the 
course of epochs immeasurable in duration, this uniform 
aggregate of beings has bon becoming more multiform. 
And now we see that instead of forme of life everywhere 
without the slightest union cansed by mutual dependence, 
there have slowly arisen forms of life among which mutual 
dependences have entailed vital connexions correspondingly 
marked. Along with progressing differentiation there bas 
ever been progressing integration. So that we may reoog- 
nize something like a growing life of the entire aggrogate of 
organiams in addition to the lives of individual organisms— 
an exchange of services among parts enhancing the life of 
the whol 

In this final generalization the law of Evolution is manj- 
fested under its most transcendental form, 
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CHAPTER TL. 


THE racrons.* 


$315. Ir organisms have been evolved, their respective 
powers of multiplication must have been determined by 
natural causes. Grant that the countless specialities of 
structure and function in plants and animals, have arisen 
from the actions and reactions between them ond their 
environments, continued from generation to generation; and 
it follows that from these actions and reactions have also 
arisen those countless degrees of fertility which we see 
among them. As in all other respects an adaptation of each 
species to its conditions of existence is directly or indirectly 
brought about; so must there be directly or indirectly 
brought about an adaptation of ite reproductive activity to 
its conditions of existence, 

We may expect to find, too, that permanent and temporary 





* An outline of the doctrine sot forth in the following chapters, was 
originally published in the Wertminsler Reeiew for April, 1862, under the 
titlo—A Theory of Population detucat from the General Law of Animal 
Fartility ; and was shortly afterwards republished with s profatory note 
stating that It must be accepted as a’sketch which I hoped at some future 
time to elaborate, In now revising and completing it, 1 bave omitted a 
ton-essential part of the argument, whilo I have expanded the retnainder 
by adding to the number of fucte pat In evidence, by mecting objections 
which want of pace before obliged me to pass over, and by drawing variows 
tecondary cenclurions, The original prper, with omissions, will bo found 
Appendix A to Volume T of this work, 
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differences of fertility have the same general interpretation. 
If the small variations of structure and function that arise 
within the limits of each species, are due to actions like those 
which, by their long-aecumulating effects, have produced the 
immense contrasts between the various types; we may con- 
clude that, similarly, the netions to which changes in the 
rite of multiplication of each species ure due, also produce, 
in great periods of time, the enormous differences between 
the rates of multiplication of different speci 

Before inquiring in what ways the rapidities of inerease 
are adjusted to the requirements, both temporary and perma- 
nent, it will be needful to look at the factors. Let us set 
down first those which belong to the environment, and then 
those which belong to the organism. 











§ 316, Every living aggregate being one of which the 
inner actions are adjusted to balance outer actions, it follows 
that the maintenance of its moving equilibrium depends on 
its exposure to the right amounts of these actions. Its 
moving equilibrium may be overturned if one of these actions 
is either too great or too small in umount; and it may be so 
overturned cither by excess or defect of some inorganic 
agency in its environment, or by excess or defect of some 
organic agency. 

Thus a plant, constitutionally fitted to n certain warmth 
and humidity, ix killed by extremes of temperature, as well 
as by extremes of drought and moisture. It may dwindle 
away from want of soil, or die from the presence of too great 
or too small a quantity of some mineral substance which the 
soil supplies to it. In like manner, every animal can main- 
tain the balance of its functions so long only as the environ- 
ment adds to or deducts from its heat at rates not exceeding 
definite limits. Water, too, must be accessible in amount 
sufficient to compensate loss. If the parched air is rapidly 
abstracting its liquid which there is no pool or river to 
restore, its functions cease; and If it i+ an aquati¢ creature, 
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drought may kill it cither by drying up its medium or by 
giving it a medium inadequately aérated. Thus each organ- 
ism, adjusted to a certain average in the actions of its 
inorganic environment, or rather, we should say, adjusted to 
certain moderate deviations from this average, is destroyed 
by extreme deviations. So, too, is it with the environ- 
‘ing organic agencies. Among plants, only the parasitic kind 
and those united by symbiosis (as well ax a few innocent 
“lodgers ”) depend for their individual preservation on the 
presence of certain other organisins (though tho presence of 
certain other organisms is needful to most plants for the pre- 
servation of the race by aiding fertilization), Here, for the 
continuance of individual life, particular organiams must 
be absent or not very numerous—beasts that browse, euter- 
pillars that devour Teaves, aphides that suck juices, Among 
animals, however, the maintenance of the functional balance 
is both positively and negatively dependent on the amounts 
of surrounding organic agents. There must be an accessible 
sullicitney of the plants or animals serving for food ; and of 
organisms that are predatory or parasitic or otherwise detri- 
mental, the number must not pass a certain limit, 

‘This dependence of the moving equilibrium in every indi- 
vidual organism on an adjustment of its forces to the forces 
of the environment, and the overthrow of this equilibrium 
by failure of the adjustment, is comprehensive of all cases, 
At first sight it docs not scem to include what we call natural 
death; but only death by violence, or starvation, or cold, or 
dronght. But in reality natural death, no less than every 
other kind of death, is caused by the failure to meet some 
outer action by a proportionate inner action. The apparent 
difference ie due to the fact that in old age, when the 
quantity of force evolved in the organism gradually dimi- 
nishes, the momentum of the functions becomes step by step 
less, and the variations of the external forces relatively 
greater; until there finally comes an occasion when somo 
quite moderate deviation from that average to which the 
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feeble moving equilibrium is adjusted, produces in it a fatal 
perturbation. 


$317. The individuals of every species being thus de- 
pendent on certain environing actions; and severally having 
their moving equilibria sooner or later overthrown by one or 
other of these environing actions; we have next to consider 
in what ways the environing actions are so met as to prevent 
extinetion of the species, There are two essentially different 
ways. ‘There may be in cach individual a small or great 
ability to adjust itself to variations of the agencies around 
it and to a small or great number of such varying agencies 
—there may be little or much power of preserving the 
balance of the functions. And there may be much or little 
power of producing new individuals to replace those whose 
moving equilibria have been overthrown. A few facts must 
be set down to enforce these abstract statements. 

"Phere are both active and passive adaptations by which 
organisms are enabled to survive adverse influences, Plants 
show us but few active adaptations: that of the Pitcher-plant 
and those of the reproductive parts of some flowers (which do 
not, however, conduce to self-preservation) are exceptional 
instances. But plants have various passive adaptations; as 
thorns, stinging hairs, poisonous and acrid juices, repugnant 
odours, and the woolliness or toughness that makes their 
leaves uneatable, Animals exhibit for more numerous 
adjustments, both passive and active. In some cases they 
survive desiccation, they hybernate, they acquire thicker 
clothing, and so are fitted to bear unfavourable inorganic 
actions; and they are in many cases fitted passively to meet 
the adverse actions of other organisms, by bearing spines or 
armour or shells, by simulating neighbouring objects in colour 
or form or both, by emitting disngrocablo odours, or by having 
disgusting tastes. In still more numerous ways they actively 
contend with unfavourable conditions, Against the seasons 
they guard by storing up food, by secruting themselves in . 
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crevices, or by forming burrows and nests. They save them~ 
selves from enemies hy developed powers of locomotion, 
taking the shape of swiftness or agility or aptitude for 
ch&nging their media; by their strength either alone or 
aided by weapons; lastly by their intelligence, without 
which, indeed, their other euperiorities would avail them 
little. And then these various active powers serving for 
defence, become, in other cases, the powers that enable ani- 
mals to aggress, and to preserve their lives by the success 
of their aggressions. 

The second procees by which extinction is prevented—the 
formation of new individuals to replace the individuals 
destroyed—is carried on, as deseribed in the chapter on 
“Genesis,” by two methods, the sexual and the asexual. 
Plants multiply by spontaneous fission, by gemmation, by 
proliferation, and by the evolution of young ones from do- 
tached ce}ls and scales und leaves; and they also multiply 
by the casting off of spores and sporangia and seeds, In like 
manner among animals, there are varied kinds of agamo- 
genesis, from spontancous fission up to parthenogenosis, all of 
them conducing to rapid increase of numbers; and we have 
the more familiar process of gamogenesis, also carried on 
in a great variety of ways. This formation of new 
individuals to replace the old, is, however, inadequately con- 
ceived if wo contemplate only the number born or detached 
on each occasion, There are four factors, all variable, on 
which the rate of multiplication depends. The first is the 
age at which reproduction commences; the second is the 
frequency with which broods are produced; the third is the 
number contained in cach brood; and the fourth is the 
length of time during which the bringing forth of broods 
continues. There must be taken into account a further 
element—the amount of aid given by the parent to each 
germ in the shape of stored-up nutrient, continuons feed- 
ing, warmth, protection, &e.: on which amount of aid, vary- 
ing between immensely wide limits, depends the number of 
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the new individuals that survive long enough to replace the 
old, and perform the same reproductive process, 

‘Thus, regarding every living organism as haying a moving — 
equilibrinm dependent on environing forees, but ever Hable 
to be overthrown by irregularities in those forces, and always 
so overthrown sooner or later; we see that cach species of 





organism can be maintained only by the generation of new | 


individuals with a certain rapidity, and by helping them 
more or legs fully to establish their moving equilibria. 


$318. Such are the factors with which we are here con- 
cerned. I have presented them in abstract shapes for the 
purpose of showing how they are expressible in general 
terms of force—how they stand related to the ultimate laws 
of redistribution of matter and motion, 

For the purposes of the argument now to follow, we may, 
however, conveniently deal with these factors under a more 
familiar guise. Ignoring their other aspects, we may class 
the factors which affect each race of organisms as forming 
two conflicting sets. On the one hand, by what we eall 
natural death, by enomice, by lack of food, by atmospheric 
changes, &c., the race is constantly being destroyed. On the 
other hand, partly by the endurance, the strength, the swift- 
ness, and the sagacity of its members, and partly by their 
fertility, it is constantly being maintained, These conflicting: 
sets of factors may be generalized as—the forces destructive 
of raco and the forces pregervative of race. So generalizing 
them, let us ask what are the necessary implications. 











CHAPTER If. 


4 PRIORI PRINCIPLE. 


$319. Tire number of a species must at any time be either 
decreasing or stationary or inerensi Tf, generation after 
generation, its members die faster than others are born, the 
species must dwindle and finally disappear. If its rate of 
multiplication is equal to its rate of mortality, there can be 
no numerical change in it. And if the deductions by death 
are fewer than the additions by birth, the species must 
become more abundant. ‘These we may safely set down as 
‘The forces destructive of race must be either 
greater than the forces preservative of race, or equal to them, 
or less than them; and there cannot but result these effects 
on number. 

We are here concerned only with races that continue to 
exist; and may therefore Jeave out of consideration those 
in which the destructive forces, remaining permanently in 
excess of the preservative forces, cause extinction. Prac- 
tically, too, we may exclude the stationary condition ; for the 
chances are infinity to one against the maintenance of a per- 
manent equality between the births and the deaths. Hence, 
r inquiry resolves itself into this:—In maces that con- 
tinue to exist, what laws of numerical variation result from 
these variable conflicting forces, which are respectively de- 
structive of race and preservative of race? 























$320, Clearly if the forces destructive of race, when once 
Bid 
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in excess, had nothing to prevent them from remaining in 
excrss, the race would disappear; and clearly if the forces 
preservative of race, when once in excess, had nothing to 
prevent them from remaining in excess, the race would go on 
increasing to infinity. In the absence of any compensating 
actions, the only possible avoidance of these opposite extremes: 
would be an unstable equilibrium between the conflicting 
forces, resulting in a perfectly constant number of the 
species: a state which we know does not exist, and against 
the existence of which the probabilities are, as already said, 
infinite. It follows, then, that aa in every continuously- 
exieting species, neither of the two conflicting sets of forces 
remaina permanently in excess; there must be some way of 
stopping that excess of the one or the other which is ever 
occurring. 

How is this done? Should any one allege, in conformity 
with the old method of interpretation, that there is in each 
case a providential interposition to rectify the disturbed 
balance, he commits himself to the supposition that of the 
millions of species inhabiting the Earth, each one is yoarly 
regulated in its dogree of fertility by a miracle; since in no 
two years do the forces which foster, or the forces which 
check, cach species, remain the same; and therefore, in no 
two yours is there required the same fertility to balance 
the mortality. Few if any will eay that God continually 
alters the reproductive activity of every parasitic fungus and 
every Tape-worm or Trichina, 80 as ta prevent its extinction 
or undue multiplication; which they must say if they adopt 
the hypothesis of supernatural adjustment. And in the 
absence of this hypothesis there remains only one other. 
"The alternative possibility i, that the balance of the pre- 
servative and destructive forces is self-sustaining—is of the 
kind distinguished as a stable equilibrium: an. equilibrium 
such that any excess of one of the forces at work, itself 
generates, by the deviation it produces, certain counter-forees 
which eventually out-balance it, and initiate an opposite devi- 
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ation. Let us consider how, in the case before us, sueh a 
stable equilibrium must be constituted. 


§ 321, When a season favourable to it, or a diminution of 
creatures detrimental to it, causes any species to become 
more numerous than usual, an immediate inerease of certain 
destructive influences takes place. If it be a plant, the sup- 
posed greater abundance itself implies fuller occupation of 
the places available for growth—an occupation which, leay- 
ing fewer such places ag the multiplication goes on, becomes 
a check on further multiplication—iteelf causes a greater 
mortality of seeds that fail to root themselves. And afters 
wards, in addition to this passive resistance to continued 
increase, there comes an active resistance; the ereatures which 
thrive at the expense of the species—the larve, the birds, the 
herbivores—increage too. If it be an animal that has grown 
mor numerous, then, unless by some exeeptional coincidence 
a simultaneous and proportionate addition to the animals or 
plants serving for food has occurred, there must result a 
relative scarcity of food. Enemies, too, be they beasts of 
prey or be they parasites, must quickly begin to multiply. 
Hence, each kind of organiam, previously existing in some- 
thing like its normal number, cannot have its number raised 
without a rive of the destructive forces, negative and positive, 
quickly commencing. Both negative and. posi- 
tive destructive forces must augment until this increase of 
the species is arrested. ‘The competition for places an which 
to grow, if the species be vegetal, or for food if it be animal, 
must become more intense as the over-peopling of the habitat 
progresses; until there is reached the limit at whieh the 
mortality equals the reproduction. And as, at the same 
time, enemies will multiply with a rapidity which soon 
brings them abreast of the augmented supply of prey, the 
positive restraint they exert will help to bring about an 
earlier arrest of the expansion than pressure of population 
alone would cause, One more inferenee may be 
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drawn, Tad the species to meet no repressing influence 
save that negative one of relatively-diminished space or 
relatiyely-diminished food-supply, the cause leading to its 
increase might carry it up to the limit set by this, and there 
leave it: its enlarged number might be permanent, But 
the positive reprossing influence that has been called into 
existence, will prevent this. For the increase of enemies, 
commencing, it must, after the increase of the species, 
and advancing in geometrical progression until it is itself 
eheeked in like manner, will end in an excess of enemies, 
Whereupon must result « mortality of the species greater 
than its multiplication—a decrease which will continue 
until ite habitat is under-peopled, its unduly-numeroug 
enemies decimated by starvation, und the destroying ageneies 
reduced to a minimum, Whence will follow another in- 
crease, 

Thus, as before indicated (First Prin, $§ 85, 173), there is 
hore, as wherever antagonistic forces are in action, an alter- 
nate predominance of each, causing a rhythmical movement 
—a rhythmical movement which constitutes a moving equilix 
brium in those cases where the foros are not dissipnted with 
appreciable rapidity, or are re-supplied as fast as they are 
dissipated. While, therefore, on the one hand, we see that 
the continued existence of a epecies necessarily implies some 
action by which the destructive and preservative forces are 
self-ndjusted ; we see, on the other hand, that such an action 
is an inevitable consequence of the universal process of 
equilibration. 











$822. Is this the sole equilibration which must exist? 
Clearly not, ‘The temporary compensating adjustments. of 
multiplication to, mortality in ench species, are but intro- 
ductory to the permanent compensating adjustments of mul- 
tiplication to mortality among species in general. ‘The above 
reasoning would hold just ax it now does, were all species 
equally prolific and all equally short-lived. It yields no 
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answer to the inquiries—why do their fertilities differ so 
enormously, or why do their mortalities differ so enormously ? 
and how is the general fertility adapted to the general mor- 
tality ineach? The balancing process we have contemplated 
can go on only within moderate limite—must fail entirely in 
the absence of a due proportion between the ordinary birth+ 
rate and the ordinary death-rate. If the reproduction of 
mice proceeded as slowly as the reproduction of men, mice 
would be extinct before a new generation could arise: 
did their natural lives extend to fifteen or sixteen years, it 
would still be extremely improbable that any would for so 
Jong survive all the dangers they are exposed to, Cone 
verscly, did oxen propagute as fast as infusoria, the race 
would dic of starvation in a week, Hence, the minor adjust- 
ment of varying multiplication to varying mortality in each 
species, implies some major adjustment of average multiplica- 
tion to average mortality. What must this adjustment be? 

We have alroady seen that the forces preservative of race 
are two—ability in each member of the race to preserve 
itself, and ability to produce other members—power to main- 
tain individual life, and power to generate the species. 
‘These must vary inversely. When, from lowness of organi- 
zation, the ability to contend with external dangers is small, 
there must be great fertility to compensate for the conse- 
quent mortality; otherwise the race must die out. When, 
on the contrary, high endowments give much capacity of 
self-preservation, a correspondingly-low degree of fertility is 
requisite, Given the dangers to be met as a constant quan- 
tity; then as the ability to meet them must be a constant 
quantity too; and us this is made up of the two factors, 
power to maintain individual life and power to multiply, 
these cannot do other than vary inversely: one must de- 
erease as the other increases. 

Tt needs but to conceive the results of nonconformity to 
this law, to see that every species must either conform to it 
or cease to exist. Suppose, first, a species, whose individuals, 

” 
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having but small self-preservative powers, are rapidly de- 
stroyed, to be at the sume time without reproductive powers 
proportionately great. ‘The defect of fertility, if extreme, 
will result in the death of one generation before another has 
grown up. If less extreme, it will entail a scarcity such 
that in the next generation sexual congress will be too infre- 
quent to maintain even the smal! number which remains; and 
the race will dwindle with increasing rapidity. If still less 
extreme, the consequent degree of sparseness, while not so 
great as to prevent an adequate number of procreative unions, 
will be so great aa to render special food abundant and 
special enemies few—will thus diminish the destructive 
forces 80 much that the gelf-preservative forees will become 
relatively great: so great, relatively, that whon combined 
with the small ability to propagate the species, they will 
suffice to balance the small destructive forces. Suppose, 
noxt, a species whose individuals have high powers of self- 
preservation, while they have powers of multiplication much 
beyond what ia nocdful. ‘The exeess of fertility, if extreme, 
will cause sudden extinction of the species by starvation. 
Tf Jess extreme, it must produce a permanent inerease in 
the number of the species; and this, followed by intenser 
competition for food and augmented number of enemies, will 
involve such an increase of the dangers to individual life, 
that the great self-preserving powers of the individuals will 
not be more than sufficient to cope with them. ‘That is te 
say, if the fertilily ix relatively too great, then the ability to 
muintain individual life inevitably becomes smaller, relatively 
to the requirements; and the inverse proportion is thus 
established, 

So that when, from comparing the different states of the 
same species, we go on to compare the states of different 
species, we see that there is an analogous adjustment—ana- 
logous in the sense that great mortality is associated with 
great multiplication, and small mortality with small multi- 
plication. And we see that the unlikencss of the cases con- 
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sists merely in this, that what is a temporary relation in the 
one is a permanent relation in the other. 


§ 323, For the moment it does not concern us to inquire 
what is the origin of this permanent relation, That which 
we have now to note, is simply that in some way or other 
there must be established an inverse proportion between the 
power to sustain individual life and the power to produce 
new individuals. Whether or not this permanent relation 
is self-adjusting in long periods of time, as the temporary 
relation is self-adjusting im short periods of time, is w 
separate question. The purpose of this chapter is fulfilled by 
showing that such a permanent relation must exist. 

But having reeognized the 2 priori principle that in races 
which continuously survive, the forces destructive of race 
must be equilibrated by the forces preservative of race; and 
that, supposing these are constant, there must be an inverse 
proportion between self-preservation and race-preservation ; 
we may go on to inquire how this relation, necessary in 
theory, arises in fact. Leaving out the untenable hypothesis 
of a supernatural preadjustment, we have to ask in what 
way an adjustment comes about as a result of Evolution. 
Ts it due to the survival of varieties in which the proportion 
of fertility to mortality happens to be the best? Or is the 
fertility adapted to the mortality in a more direct way? To 
these questions let us now address ourselves. 








CHAPTER 111. 
OBVERSE A PRIORI PRINCIPLE. 


$524. Wen dealing with its phenomena induetively, we 
saw that however it may be carried on, Genesis “is a process 
of negative or positive disintegration ; and is thus essentially 
opposed to that process of integration which is the primary 
process in individual evolution, (376,) Each new indi 
ual, whether separated as a germ or in some more-developed 
form, is a deduction from the mass of a pre-existing indi 
dual or of two pre-existing individuals. Whatever nutritive 
matter ix stored up along with the germ, if it be deposited in 
the shape of an egg, is so much nutritive matter lost to the 
parent. No drop of blood can be absorbed by the fotus, nor 
any draught of milk sucked by the young when born, withont 
taking from the mother tissue-forming and force-evolving 
materials to an equivalent amount. And all subsequent supe 
plies given to progeny, if they are nurtured, involve, to a 
parent or parents, so much waste in exertion which does not 
bring its return in assimilated food. 
c s, the continued aggregation of materials into 
one organism, renders impossible the formation of other or- 
ls. As much assimilated food 
































ganisms out of those mate 

us is united into a single whole, is so much assimilated food 

withheld from a plurality of wholes which might else have 

been produced. Given the absorbed nutriment as a constant 

yuantity, and the longer the building of it up into a con- 

erete shape goes on, the longer must be postponed any build- 
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ing of it up into discrete shapes. And, similarly, the larger 
the proportion of matter consumed in the functional actions 
of parents, the smaller must be the proportion of matter 
which can remain # establish and support the functional 
actions of offspring. 

‘Though the necessity of these universal relations is toler- 
ably obyious as thus stated generally, it will be useful to 
dwell for a brief space on their leading aspects. 


$525. That disintegration which constitutes genesis, may 
be such as to disperse entirely the aggregate which integra- 
tion has previously produced—the parent may difsolve wholly 
into progeny. This dissolution of each aggregate into two 
or many aggregates, may ocour at very short intervals, in 
which case the bulk attained can be but extremely small; or 
it may oceur wt longer intervals, in which case a larger bulk 
may be attained. 

Instead of quickly losing its own individuality in the 
individualities of its offspring, each member of the race may, 
after growing for a time, have portions of its substance begin 
to develop into the parental shape and presently detach 
themselves; and the parent, maintaining its own identity, 
may continue indefinitely so to produce young ones, But 
clearly, the carlier it commences doing this, and the more 
mpidly it docs it, the sooner must the increase of its own 
bulk be stopped. 

Or ngain, growth and development continuing ie a long 
period without any deduction of materials, an individual of 
considerable size and organization may result; and then the 
abstraction of substance for the formation of new individuals, 
or rather the eggs of them, may be so great that as soon as 
the eggs are laid the parent dies of exhaustion—dies, that is, 
from nn excessive loss of the nutritive matters needed for its 
own activities.” 





* 1 was here thinking only of the cases which are general among insects, 
but MH Accum that vertelrat= animals, too, furnish eses. Mr Cunningham 
writes:-—"There Is © curios instance nf this in the Conger: the female 
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Once more, the deduction of materials for the : 
of the epecies may be postponed long enough to allow of great 
bulk and complex structure being attained. The procreative 
subtraction then setting in, while it checks and presently 
stops growth, may be so moderate as to leave vital capital 
sufficient to carry on the activities of the parent; may go 
on as long as parental vigour suflices to furnish, without fatal 
result, the materials needed to produce young ones; and may 
cease when such a surplus cannot be supplied, leaving the 
parental life to continue, 









§ 326. The opposite side of this antagonism has also 
several aspects, Progress of organic evolution may be shown 
in increased bulk, in increased structure, in increased amount 
or variety of action, or In combinations of these; and under 
any of its forms this carrying higher of each individuality, 
implics a correlative retardation in the establishment of new ‘ 
individualitics, 

Othor things equal, overy normal addition to the bulk of 
an organiam is an augmentation of its life.* Besides being an 
advance in integration, it implies a greater total of activities 
gone through in the assimilation of materials; and it implies, 
thereafter, a greater total of the vital changes taking place 
from moment to moment in all parts of the enlarged mass. 
Moreover, while increased size is thus, in so far, the expres- 
sion of incronsed life, it is also, where the organism is active, 
the expression of increasod ability to maintain life—Increased 
strength. Aggregation of substance is almost the only mode 
in which self-preserving power is shown among the lowest 
typea; and even among the highest, sustaining the body in 
ite intogrity ie that in which velf-preservation fandamentally 
consists—is the end which the widest intelligence is indi- 
grows to Gor 7 fect Jong and a weight of 60 tbs. and upwards andl then 


conges to feed for 6 months while the eggs dorclop, and when the eggs are 
shed die” 


*Taay “normal” for the purpose of excluding not only morbid growths 
but excess of fat ¥ 
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rectly made to subserve. While, on the one hand, the in- 
crease of tissue constituting growth is conservative both in 
essence and in result; on the other hand, decrease of tissue, 
either from injury, disease, or old age, is in both essence and 
result the reverse, And if xo, every addition to individual 
life thus implied, necessarily delays or diminishes the casting 
off of matter to form new individuals. 

Other things equal, too, a greater degree of organization 
involves a smaller degree of that disorganization shown by 
‘the separation of reproductive gemmm and germs. Detach- 
ment of a living portion or portions from what, was previously 
a living whole, is a ceasing of co-ordination; and is therefore 
essentially at variance with that establishment of greater co- 
ordination which ie achieved by structural development, In 
the extreme cases where a living mass ig continually dividing 
and subdividing, it is manifest that there cannot arise much 
physiological division of Inbour; since progress fowards 
nrutual dependence of parts is prevented by the parts be- 
coming independent. Contrariwise, it is equally clear that 
in proportion az the physiological division of labour is carried 
far, the separative process must be localized in some com- 
paratively small portion of the organism, where it may go 
on without affecting the general structuro—must become 
relatively subordinate, ‘The advance that is shown by 
greater heterogeneity, must be a hindrance to multiplication 
in another way. For organization entails cost. ‘That trans~ 
fer and transformation of materials implied by differentia- 
tion, can be effected only by expenditure of force; and this 
supposes consumption of digested and absorbed food, which 
might otherwise have gone to make new organisms, or the 
germs of them. Hence, that individual evolution which 
consists in progressive differentiation, as well as that which 
consists in progressive integration, necessarily diminishes 
that species of dissolution, general or local, which propaga- 
tion of the race exhibit. 

In active organisms we have yet a further opposition 


























the preservation of its life, is motion liberated from 
posed nutriment—nutriment which, if not thus P 
would have been available for reproduction; or rather— 
might have been replaced by nutriment fitted for reproductive | 
purposes, absorbed from other kinds of food. Hence, in pro- 
portion as the activities increase—in proportion as, by its ite 
more varied, complex, rapid, and vigorous actions, an animal 
gains power to support itself and to cope with surrounding 
dangers, it must lose power to propagate, 









$327, How may this antagonism be best expressed in a 
brief way? Tf self-preservation displayed iteelf in the 
highest organisms, as it does in the lowest, in little elae but 
continuous growth ; und if race-preservation consisted always, 
as it does often, of nothing beyond detachment of portions 
from the parental mass; then the antagonism would be, 
throughout, the obviously-necessary one of integration and 
disintegration. Maintenance of the individual and propaga~ 
tion of the species, being respectively aggregative and sepa- 
rative, it would be as self-evident that, they vary inversely, 
as it is self-evident that addition and subtraction undo one 
another. But though the simplest types show us the opposi- 
tion of self-maintenance and race-maintenance almost wholly 
under this form; and though higher types, up to the most 
complex, exhibit it to a great extent under this form; yet, as 
we have just sen, this is not its only form. ‘The total — 
material monopolized by the individual and withheld from 
the race, must be stated as the quantity united to form its 
fabric, plus the quantity expended in differentiating its 
fabric, plus the quantity expended in ite eelf-conserving 
actions, Similarly, the total material devoted to the race at 
the expense of the individual, includes that which is directly 
subtracted from the parent in the shape of egg or fartus, plus 
that which is directly subtracted in the shape of milk, plus 
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that which is indirectly subtracted in the shape of matter 
consumed in exertions for fostering the young. Hence 
this inverse variation is not expressible in simple terms of 
aggregation and separation, As we advance to more highly- 
evolved organisms, the total cost of an individual becomes 
very much greater than is implicd by the amount of tiseue 
composing it. So, too, the total cost of producing each new 
individual becomes very much greater than that of its mere 
substance. And it is between these two total costs that the 
antagonism exists. 

We may, indeed, reduce the antagonism to a form com- 
prehensive of all cases, if we consider it as existing between 
the sums of the forces, latent and active, used for the two 
purposes, The molecules which make up 4 plant or animal, 
have been formed by the absorption of forees directly or 
inditetly derived from the Sun; and hence the quantity of 
matter raised to the form called organic, which a plant or 
animal presents, is equivalent to a certain amount of force, 
Another amount of force is expreseed by the totality of its 
differentiations. A further amount of force is that dissipated 
in its actions, And in these three amounts added together, 
we have the whole expense of the individual life. So, too, 
the whole expense of establishing each new individual in- 
cludes—firet the forces latent in the substance composing 
it when born or hatehed; second the forces Intent in the 
prepared nutriment afterwards supplied ; and third the forces 
expended in feeding and protecting it. ‘These two sets of 
forces being taken from a common fund, it is manifest that 
either set can increase only by decrease of the other. If, of 
the force which the parent obtains from the environment, 
much is consumed in its own life, little remaina to be eon- 
sumed in producing other lives; and, conversely, if there ix 
a great consumption in producing other lives, it ean only be 
where comparatively little is reserved for parental life. 

Hence, then, Individuation and Genesis are necessarily 
antagonistic. Grouping under the word Individuation all 
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processes by which individual life is completed and main- 
tained; and enlarging the meaning of the word Genesis so 
as to include all processes aiding the formation and perfecting 
of new individuals; we see that the two are fundamentally 
opposed, Assuming other things to remain the same— 
assuming that environing conditions as to climate, food, 
enemies, &c., continue constant; then, inevitably, every 
higher degree of individual evolution is followed by a lower 
degree of race-multiplication, and vice versd, Progress in 
bulk, complexity, or activity, involves retrogress in fertility; 
and progress fertility involves retrogress in bulk, com~- 
plexity, or activity, 

This statement needs a slight qualification. For reasons 
to be hereafter assigned, the relation described is never com- 
pletely maintained; and in the small departure from it, we 
shall find a remarkable eelf-acting tendency to further the 
supremacy of the most-developed types. Here, however, this 
hint must suffice: explanation would carry us too far out of 
our line of argument. For the present it will not lead us 
astray if we regard this inverse variation of Individuation 
and Genesis as exact, 











§ 328. Thus, then, the condition which each race must 
fulfil if it is to survive, is a condition which, in the nature of 
things, it ever tends to fulfil. In the last chapter we saw 
that a species cannot be maintained unless the power to 
preserve individual life and the power to propagate other 
individuals vary inversely. And here wo have soon that, 
irrespective of an end to be subserved, these powers cannot 
do other than yary inversely. On the one hand, given a 
certain totality of destroying forces with which the species 
has to contend; and in proportion ns its members have 
severally but small ability to resist these forces, it is requisite 
that they should have great ability to form new individuals, 
and vice versa. On the other hand, given the quantity of 
force, nbsorbed as food or otherwise, which the species can 
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use to counterbalance these destroying forces ; and in propor- 
tion a8 much of it is expended in preserving the individual, 
little of it can be reserved for producing new individuals, 
and vice versi. There is thus complete accordance between 
the requirements considered under each aspect. ‘The two 
accessities correspond. 

We might rest on these deductions and their several corol- 
laries. Without going further we might with safety assert 
the general truths that, other things equal, advancing evolu 
tion must be accompanied by declining fertility ; and that, in 
the highest types, fertility must still further decrease if eyolu- 
tion still further increases. We might be sure that if, other 
things equal, the relations between an organism and its en- 
vironment become so changed as permanently to diminish 
the difficulties of self-preservation, there will be a permanent 
increase in the rate of multiplication; and, conversely, that 
a decrease of fertility will result where altered circumstances 
make eelf-preservation more laborious. 

But we need not content ourselves with these & priori 
inferences. If they are true, there must be an agreement 
between them and the observed facts Let ux see how far 
such an agreement is traceable, 
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$329. Wene all species subject to the same kinds and 
amounts of destructive forces, it would be easy, by comparing 
different species, to test the inverse variation of Individuation 
and Genesis. Or if either the power of self-preservation or 
the power of multiplication wero constant, there would be 
little diffiulty in seeing how the other changed as the 
destroying forces changed. But comparisons are nearly 
always partially vitiated by some want of parity. Bach 
factor, besides being variable ns a whole, is compounded of 
factora that arc severally variable. Not simply is the sum 
of the forces destructive of race different in overy case; and 
not simply are both sets of forces preservative of race unlike 
in their totalities in every case; but each is made up of actions 
that bear such changing proportions to one another as ta 
prevent any positive estimation of its amount, 

Before dealing with the facts as well as we can, it will be 
best to glance at the chief difficulties; so that we may see 
the kind of verification which is alone possible. 


$330. Either absolulely, or relatively to any species, every 
environment differs more or less from every other, 

‘There are the unlikencsses of media—air, water, earth, 
‘organic matter; soverally involving special resistances to 
movement, and special losses of heat. ‘There are the con- 
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trasts of climate: here great expenditure for the maintenance 
of temperature is needed, and there very little; in one 
zone an organism is supplied with abundant light all the 
year round, and in qnother only for a fow months; thir 
region yields an almost unfailing supply of water, while that 
entails the exertion of travelling many miles every night for a 
draught. 

Permanent differences in the natures and distributions of 
aliment greatly interfere with the comparisons, The Swal- 
low goes through more exertion than the Sparrow in securing 
a given weight of food; but then thoir foods aro dissimilar 
in nutritive qualities. There |s a want of parallelism between 
the cireumstances of those herbivores which live where the 
plains are annually covered for a time with rich herbage, but 
afterwards become parched up, and of those inhabiting more 
temperate regions, Insects whose larvw feed on an abundant 
plant, as do several of the genus Vanessa on the Nettle, have 
practically an environment very unlike that of insects such 
as Deilephila Buphorbia, whose larve feed on a comparatively 
rare plant—the Sea-Spurge. 

Again, comparisons between creatures otherwise akin in 
their constitutions and circumstances, are hindered by ine- 
qualities in their relations to enemies, Two animals, of 
which one is predatory and has no foes but parasites while 
the other is much pursued, cannot properly be contrasted 
with a view to determining the influence of size or com- 
plexity. 

Without multiplying instances, it will be clear enough 
then that the aggregate of destructive actions, positive and 
negative, which each species has to contend with, is so 
undefinable in the amounts and kinds of its components, 
that nothing beyond a vague idea of its relative total can be 
formed. 


$331. Besides these immense variations in the outer 
actions to be counter-balanced, there are immense variations 
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in the inner actions required to counter-balance them. Even 
were epecics gimilarly conditioned, solf-preservation would 
require of them extremely unlike expenditures of foree. 

‘The cost of locomotion imcrenses in a greater ratio than 
ihe size, In virtue of the law that the weights of animals in- 
crease as the eubes of their dimensions, while their powers of 

. bearing strains increase only as the squares of their dimen- 
sions ($46), preservation of its various attitudes requires a 
large animal to consume more substance in proportion to its 
weight, than it requires a small animal to consume; and there 
results, other things equal, a difficulty of selfmnintenance 
which augments in a more rapid ratio than the bulk. Nor 
must we overlook the further complication, that among 
aquatic creatures the variation of resistance of the medium 
tends to produce an opposite effect. 

Again, the heat-consumption is a changing element in the 
total expense of self-preservation. Creatures which hare tem- 
peratures searcely above that of the sir or water, may, other 
things equal, aceumulate more surplus nutriment than crea- 
tures which have to keep their bodies warm spite of the con- 
tinual loss by radiation and conduction. This difference of 
cost is modified by the presence or absence of natural eloth- 
ing; and it is also modified by unlikenesses of size, Here 
the bulky animals have the advantage: small masses cooling 
more rapidly than large ones. 

Dissimilarities of attack and defence are also causes of 
variation in the outlay for eelf-maintenance, A creature that 
has to hunt, ax compared with another that gets a gufficieney 
of prey by lying in wait, or a creature that escapes by speod 
as compared with another that eseapes by concealment, 
obvionsly leads a life that is physiologically more costly, 
Animals which protect themselves passively, as the Hedge-hog 
hy ite epincs or as the Skunk and the Musk-rat by their in- 
tolerable odours, are relatively economical; and have the 
more vital capital for other purposes. 

Amplification is needless, These instances will show that 
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anything beyond very general conceptions of the individual 
expenditures in different cages, cannot be reached. 


§ 332. Still more entangled are we among qualifying con- 
siderations when we contrast species in their powers of multi- 
plication. The toial cost of Genesis admits of even less 
definite estimation than does the total cost of Individun- 
tion, I do not refer merely to the truth that the degree of 
fertility depends on four factors—the age of commencing 
reproduction, the number in each brood, the frequency of the 
broods, und the time during which broods continue to be 
repeated, here are many further obstacles in the way of 
comparisons, 

Were all multiplication carried on sexually, the problem 
would be less involved; hut there are many kinds of asexual 
multiplication alternating with the sexual, ‘This asexual 
multiplication. is in some eases perpetual instead of ocea- 
sional; and often has more forma than one in the same 
species, he result ivethat we have to compare what is here 
a periodic process with what is elsewhere a eyelical process 
partly continuous and partly periodic: the calculation of 
fertility in this last case being next to impossible. 

We have to avoid being misled by the assumption that the 
cost of Genesis is measured by the number of young produced, 
instead of being measured, as it is, by the weight of nutri- 
ment abstracted to form the young, plus the weight con- 
sumed in caring for them. ‘This total weight may be very 
diversely apportioned. Tn contrast to the Cod with its 
millions of small ova spawned without protection, we may 
put the Hippocampus, or the Pipe-fish, with its fow relatively- 
large ova carried about by the male in a caudal pouch, or 
seated in homisphorical pits in its skin; or we may put the 
still more remarkable genus ‘Arius, and especially Arius 
Boakeii—a fish some six or seven inches long, which produces 
ten or a dozen eggs 5—10 mm. in diameter, that are carried 
by the male in his mouth till they are hatched. Here though 
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“ 
the degrees of fertility, if measured by the 1 
fertilized germs deposited, are extremely unlike, 
lees unlike if measured by the numbers of young 
hatched and survive long enough to take care of th 
nor will the tax on the parent-Cod seem so im 
ferent from thatjon the parent=drins, if the mamsses 
ova, instead of their numbers, are compared, i 
while sometimes the parental loas is little else but the 
deducted to form eggs, &e., at other times it te 
ehape of a small direct deduction joined with a large 
outlay. The Mason-wasp furnishes a typical instance. 
journeyings hither and thither to fetch bit by bit 
materials for building « cell; in putting together 









as 
cement; and then, afterwards, in the labour of secking for, 
and earrying, the small caterpillars with which it fills up 


egg; the Mason-wasp expends more substance than is com 
tained in the egg itself, And this supplementary expendi 
is manifestly so great that but few eggs can be housed: 
provisioned. 
Estimates of the cost of Genesis are further ere 
by variations in the ratio borne by the two sexes. 
Fishes the mass of milt approaches in size the mass of spa 
but among higher Vertebrata the substance lost by the o 
sex in the shape of sperm-cells is small compared with that 
lost by the other sex in the shape of albumen stored-up- 
the eggs, or blood supplied to the fotus, or milk given to the 
young. ‘Then there come the differences of indirect tax 
on males and females. While, frequently, the fostering of - 
the young devolves entirely on the female, occasionally the 
mule undertakes it wholly or in part. After building a 
nest, the male Stickleback guards the eggs till they are 
hatched ; as doos also the great Silurus glania for some forty 
days, during which he takes no food. And then, among mo 
Virds, we have the male occupied in feeding the female during 
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incubation, and the young afterwards, Evidently all these 
differences affect the proportion between the total cost of re- 
production and the total cost of individuation. 

Whether the species is monogamous or polygamous, and 
whether there are marked differences of size or of structure 
between males and females, are also questions not to be over- 
looked. If there are many females to one male, the total 
quantity of assimilated matter devoted by each generation to 
the production of a new generation, is greater than if there 
is a male to each female. Similarly, where the requirements 
are such that small males will suffice, the larger quantity of 
food left for the females makes possible a greater surplus 
available for reproduction, Another cause has a like effect, 
Where tho habits of the race render it neodless that both 
sexes should have developed powers of locomotion—where, 
as in the Glow-worm and sundry Lepidoptera, the female is 
wingless while the male has wings—the cost of Individuation 
not being so great for the species as a whole, there arises a 
greater reserve for Genesis: the matter which would other- 
wise have gone to the production of wings and the using of 
them, may go to the production of ova, 

Other complications, as those which we see in Bees and 
Ants, might be dwelt on; but the foregoing will amply serve 
the intended purpose, 








$333. To ascertain by comparison of cases whether Indi- 
viduation and Genesis vary inversely, is thus an undertaking 
so beset with difficulties, that we might despair of any satis- 
factory results, were not the relation too marked a one to be 
hidden even by all these complexities. Speci Y 80 OX 
tremely contrasted in their degreea of evolution, and so 
extromely contrasted in their rates of multiplication, that the 
Jaw of relation between these traits become: unmistakable 
when the evidence is looked at in its ensemble. This we shall 
soon find on ranging in order a number of typical cases, 

Tn doing this it will be convenient to neglect, temporarily, 
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all unlikenesses among the circumstances in which organ- 
isms are placed. At the outset, we will turn our attention 
wholly to the antagonism displayed between the integrative 
process which results in individual evolution and the disinte- 
grative process which results in multiplication of individuals; 
and this we will consider firet as we ace it under the several 
forms of agnmogunesis, and then as we see it under the 
several forms of gamogenesis. We will next look at the 
antagonism between propagation and that evolution which is 
shown by increased complexity, And then we will consider 
the remaining phase of the antagonism, as it exists between 
the degree of fertility and the degree of evolution expressed 
by activity. 

Afterwards, passing to the varying relations between 
organ! and their environments, we will note how relative 
increase in the supply of food, or relative decrease in’ the 
quantity of foree expended by the individual, entails relative 
increase in the quantity of force devoted to multiplication, 
and vice versd. 

Certain minor qualifications, together with sundry impor 
tant corollaries, may then be entered upon. 











CHAPTER V. 


ANTAGONISM BETWEEN GROWTIE AND ASEXUAL GENRSIS, 


$334. Witen illustrating, in Part TV, the morphological 
composition of plants and animals, there were set down in 
groups, numerous facts which we have here to look at from 
another point of view. ‘Then we saw how, by union of small 
simple aggregates, there are produced large compound aggre- 
gates, Now we have to observe the reactive effect of this 
process on the relative numbers of the aggregates. Our pre- 
sent subject is the antagonism of Tndividuation and Genesis 
as seen under its simplest form, in the self-evident trath that 
the same quantity of matter may be divided into many small 
wholes or few large wholes; but that number negatives large- 
noas and largences negatives number. 

In setting down some examples we may conveniently 
adopt the same arrangement as before, We will look at the 
facts as they are presented by vegetal aggregates of the firat 
order, of the second order, and of the third order; and then 
as they are presented by animal aggregates of the same three 
orders. 











§ 335. ‘The ordinary unicellular plants are at once micro- 
scopic and enormously prolific. ‘The often cited Spharetia 
nivalis, which shows its immense powers of multiplication by 
redilening wide tracts of snow in a single night, docs this by 
Abvoloping in its cavity a brood of young cells, which, being 
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preeently set free by the bursting of the parent-cell, severally 
grow and quickly repeat the process. The like ocours among 
sundry of those kindred forme of minute Alga whieh, by 
their enormous tumbers, sometimes suddenly chinge pools to 
an opaque gnen. So, too, the Desmidiaeew often multiply so 
greatly as to colour the water; and among the Diatomacer 
the rate of genesis by sclf-division, is something really ex- 
tmordinary. So soon as a frustule is divided into two, each 
of the latter at once proceeds with the act of self-division; so 
that, to use Professor Smith's approximative caleulation of 
the poxxile rapidity of multiplication, supposing the process 
to occupy, in any single instance, twenty-four hours, “we 
should haye, as the progeny of a single frustule, the amaxing 
number of one thousand millions in a single month!” Tn 
these cases the multiplication is so carried on that the parent 
is lost in the offspring—the old individuality disappears either 
in the swarms of zoospores it dissolves into, or in the twa 
or four new individualities simultuncously produced by fis 
sion. Vegetal aggregutes of the first order, have, how- 
a form of agamogenesis in which the parent individual 
is not lost: the young cells arige from the old cells by ex- 
ternal gemmation. ‘This process, too, repeated as it is at 
short intervals, resulis im immense fertility. The Yeost- 
fungus, which in a few hours thus propagates itself through 
out a large vat of wort, offers a familiar example, 

In certain compound forms that must be classed as plants 
of the second order of aggregation, though very minute ones, 
self-division similarly increases the numbers at high rates 
The Sarcina ventrieuli, a parasitic plant which infests the 
stomach and swarms afresh as fast as previous swarms are 
vomited, shows us a spontancous fission of clusters of cells. 
An allied mode of increase occurs in Gontum poctorale: each 
cell of the cluster resolving itself into a secondary eluater, 
and the secondary clusters then separating. “ Supposing, 
which is very probable, that a young Gonium after twenty. 
four hours is capable of development by fission, it follows 
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that under favourable conditions a single colony may on the 
second day develop 16, on the third 256, on the fourth 4,096, 
and at the end of a week 268,435,456 other organisms lke 
itself’ In the Volvocinew this continual dissolution of a 
primary compound individual into seconiary compound indix 
viduals, is carried on endogenonsly, and on a modified system ; 
some only of the component cells giving origin to young 
colonics, and the parent bursting to liberate them. The 
numbers arising by this method alzo, are sometimes so great 
as to tint large bodies of water. More fully estab- 
lishod and organized aggregates of the second order, such as 
the higher Thallophytes and the lower Archegoniates, do not 
sacrifice their individualities by fission; but nevertheless, by 
the kindred procese of gemmation, are continually hindered 
in the increase of their individualities. The gemmm called 
totraspores are cast off in great numbers by the marine Alga, 
Among those simple Jungermanniacea: which consist of single 
fronds, the young ones that bud out grow for.a time in con- 
nexion with their parents, send rootlets from their under 
sides into the soil, and presently separate themselves —a 
habit which augments the number of individuals in propor- 
tion as it checks their growths, 

Plants of the third order of composition, arlaing by arrest 
of this separation, exhibit a further corresponding decrease 
in the abundance of the aggregates formed, Archegoniates of 
inferior types, in which the axes produced by integration of 
fronds are but small and feeble, are characterized by the 
habit of throwing off bulbils—bud-shaped axes which, falling 
and taking root, add to the number of distinct individuals. 
This agamie multiplication, very general among the Moxses 
and their kindred, and not uncommon under a modified form 
in such higher types ax the Ferns, many of which produce 
young ones from the surfaces of their fronds, becomes very 
wonsual among Phonogams. The detachment of bulbils, 
though not unknown among them, is exceptional. And while 
it Is true that some flowering plants, as the Strawberry, 
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multiply by process allied to gemmation, yet this is not 
characteristic of the class. A leading trait of these highest 
groups, to which the largest members of the vegetal king- 
dom belong, is that agamogenesis has so far ceased that it 
dovs not usually originate independent plants. Though the 
axes which, budding one out of another, compose a tre, 
are the cquivalents of asexually-produced individuals; yet 
the asexual production of them stops short of separation, 
‘These vast integrations arise where spontaneous disintegra- 
tion, and the multipl ion effected by it, have come to an 
end. 

Thus, not forgetting that certain Phenogams, as Begonia 
plyllomaniaca, revert to quite primitive modes of increase, 
we may hold it as beyond question that while among the 
most minute plants asexual multiplication is universal, and 
produces enormous numbers in short periods, it becomes step 
by step more restricted in range and frequency nx we ad- 
vance to large and compound plants; and disappears so 
generally from the highest and largest, that its occurrence is 
regarded as anomalous. 





$336. Parallel examples furnished by animals make clear 
the purely quantitative nature of this relation under its origi- 
nal form. Among the Protozoa, as among the Protophyta, 
there occurs that process by which the individuality of the 
parent is wholly lost in producing offspring—the breaking 
up of the parental mage into a number of germs. Some of 
the Infusoria, ae for instance those of the genus Kolpoda 
and sovoral allied genera, became encysted and subsequently 
break up into young ones, The more familiar mode 
of ine among these animal-aggregates of the first order, 
by fission, though it eacrifices the parent individuality by 
merging it in the individualities of the two produced, sacri- 
fices it less completely than does the dissolution into a great 
pumber of germs. Occurring, however, as this fission does, 
very frequently, and being completed, in some cases that 
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haye been observed, in the course of half-an-hour, it results 
in immengely-rapid multiplication. Ef all ite offspring sur- 
vive, and continue dividing themselves, a single Paramacium 
is snid to be capable of thus originating 268 millions in the 
course of u month.* Nor is this the greatest known rate 
of increase. Another animalcule, visible only under a high 
magnifying power, “is calculated. to generate 170 billions 
in fous days.” + And these enormous powers of propagation 
are accompanied by a minuteness so extreme, that of some 
species one drop of water would contain as many individuals 
as there are human beings on the Earth! Even if we allow 
a large margin for exaggeration in these estimates, it is 
beyond question that among these smallest of animals the 
rate of asexual multiplication is immensely tho greatest; 
and this suffices for the purposes of argument. 

Of animal aggregates belonging to the second order, that 
multiply asexually with rapidity, the familiar Polypes 
furnish conspicuous examples. By gemmation in most cases, 
in other cases hy fission, and in some cases by both, the 
agamogenceis is carried on among these tribes. As shown in 
Fig. 148, the budding of young one from the parent Hydra 
is carried on so actively, that before the oldest of them is 
cast off half-a-dozen or more others have reached various 
stages of growth; and even while still attached, the first- 
formed of the group have commenced budding out from their 
sides a second generation of young ones. In the Hydra luba 


* To moet a possible criticism it should bo remarked that thie calcula 
tion ansumen that the power of asexual reproduction is not exhausted by 
the end of the month, Tt has been found that “the smccessive fissions of 
Paramecium cannot continue indefinitely. After some handreda of genera- 
tions the products of fission are small, have no mouth, and die unless before 
this they hare been allowed to conjugate with individaale of another brood." 
Tt may, howover, be fairly taken for granted that "some hundreds of genora- 
tions ” would tako longor than a month. 

+ Bven this number is far exceeded, Dr, Edward Kicin, in a lecture he 
fave at the Royal Inatiiution on June 2, 1408, asserted that 246 bacteria in 
‘8 eaibio centimetre of nutritive liquid would multiply ‘to 20,000,000 fa the 
‘course of twenty-four hours: a rate whch, at tho end of the third day, would 
‘five, a4 the offspring of one individual, 637,307,797,000,000, 
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this gemmiparous multiplication is from time to time inter- 
rupted by a transverse eplitting-up of the body into segments, 
which successively separate and swim away: the result of 
the two processes being that, in the course of a season, there 
are produced from a single germ great numbers of young 
Meduse, which are the adult or sexual forms of the species. 
Respecting calenterate animals of this degree of composi« 
tion, it may be added that when we ascend to the larger 
kinds we find asexual genesis far less active. Though eom- 
parisons are interfered with by differences of structure and 
mode of life, yet the contrasts are too striking to have their 
meanings much obseured. If, for instance, we take a solitary 
Actinozoon and a solitary Hydrozoon, we see that the rela~ 
tively-grent bulk of the first, goes along with a relatively- 
slow agamogenesis. The common Sea-anemones are but 
occasionally observed to undergo self-division: multiplication 
by budding being in some cases largely followed, but their 
numbers are not rapidly increased by either process. A 
higher class of secondary aggregates exemplifies the same 
general truth with a difference, In the smaller members the 
agamogenesis is incomplete, and in the larger it disappear, 
The gemmation of the minute Polyszoa, though it does not 
end in the separation of the young individuals, habitually 
goes to the extent of producing families of partially-inde- 
pendent individuals ; but their near ally, the Phoronts, which 
immensely exceeds them in size, is solitary and not gemmi- 
parous, So, too, is it with the Ag And then among 
the true Mollusca, which are relatively large, no such thing 
is known as fission or gemmation 

Tuke next the Annulosa, including under this title the 
Annelida and Arthropoda, When treating of morphological 
composition, reasons were given for the belief that the annn- 
lose animal is an aggregate of tho third order, the segments 
of which, produced ono from another by gemmation, ori- 
ginally became separate; but by progressive integration, or 
arrested disintegration, there resulted a type in which many 
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such segments were permanently united ($$ 205-7 and note 
to § 207). Part of the evidence there assigned, is evidence to 
be here repeated in illustration of the direct antagonism of 
Growth and Asexual-Genesis. We saw how, among the 
lower Annelida, the string of segments produced by gemma- 
tion presently divides transversely into two strings; and 
how, in some cases, this resolution of the clongating string 
of segments into groups that are to form separate individuals, 
goes on so actively that as many as six groups are found in 
different stages of progress to ultimate independence—a fact 
implying a high rate of fissiparous multiplication.” Then we 
saw that, in the superior annnlose types, distinguished in the 
muss by including the larger species, fission does not occur. 
‘The higher Annclids do not propagate in this way; thore is 
no known case of new individuals being so formed among 
the Myriapoda: nor do the Crustaceans afford us a single 
instance of this primordial mode of increase. It is, 
indeed, true that while articulate animals never multiply 
asexually after this simplest method, and while they are 
characterized in the mass by the cessation of agamogenesis of 
every kind, there nevertheless occur in a few of their small 
species, those higher forms of agamogenesis known ais parthe- 
nogenesis and pseado-parthenogenesis; and that by these 
tome of them multiply very rapidly. Hereafter we shall 
find, in the interpretation of these anomalies, further support 
for the general doctrine. 

To the above evidence has to be added that which the 
Vertebrata present. ‘This may be very briefly summed up. 
On the one hand this class, v looked at in the aggre- 
gate or in its particular speci immensely exeeeds all other 
classes in the sizes of its individuals; and on the other hand, 
agumogencsis under any form is absolutely unknown in it. 
If it be enid that budding oceurs among the Tunicata which, 









* Tt has since been shown that in Myrianida fusciata an many as 20 at- 
tached groups exist. Seo Combridge Natural History, Vol. 11, Worms, Rott 
(fers and Polywn, p. 280, 
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under the common title of Chordata, are included in the same 
phylum with the Vertebrata, then it may firstly be replied 
that those types which have no vertebre cannot properly be 
called Vertebrata, and secondly that if, as being Chordata, 
they must be recognized, then the exception whieh they pre- 
sent further illustrates the truth that agamogenetic multi- 
plication occurs only in creatures small in size, or low in 
structure, or both, ° 


$337. Such are a few leading facts serving to show how 
deduction is inductively verified, in so far as the antagonism 
between Growth and Asexual Genesis is concerned. In 
whatever way we explain this opposition of the integrative 
and disintegrative processes, the facts and their implications 
remain the same. Indeed we need not commit ourselves to 
any hypothesis respecting the physical causation. It suffices 
to recognize the results under their moet general aspects, 
We cannot help admitting there are at work these two anta- 
gonist tendencies to aggregation and separation; and we 
cannot help admitting that the proportion between the aggre- 
gutive and separative tendencies, must in each ease determine 
the relation between increase in bulk of the individual and 
increase of the race in number. 

‘The antithesis is as manifest 4 posteriori as it is necessary 
4 priori. While the minutest organisms multiply asexually 
in their billions; while the Infusoria thus multiply in their 
millions; while the small compound types next above them 
thus multiply in their thousands; while larger and more 
compound types thus multiply in their hundreds and their 
tens; the largest types do not thua multiply at all, Gon- 
versely, those which do not multiply asexually at all, are a 
billion or a million times the size of those which thus mul- 
tiply with greatest and are a thonsand times, or a 
hundred times, or ten times the xize of those which thus 
multiply with less and less rapidity. Without saying that 
this inverse proportion is regular, which, a3 we shall here 
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after see, it cannot be, we may unhesitatingly assert its 
average truth. That the smallest organisms habitually re- 
produce asexually with immense rapidity; that the largest 
organisms never reproduos at all in this manner; and that 
between these extremes there is a general decrease of asexual 
reproduction along with an increase of bulk; are proposi- 
tions which admit of no dispute, 


CHAPTER VI, 
ANTAGONISM TETWERN GROWTH AND SEXUAL GENESIS, 


§ 338. Ty so far as it is a process of separation, sexual 
genesis is like asexual genesis; and is therefore, equally with 
asexual genesis, opposed to that aggregation which results in 
growth, Whether deduction is made from one parent or 
from two, whether it is made from any part of the body 
indifferently or from a specialized part, or whether it is made 
directly or indirectly, it remains in any ease a deduction; 
anil in proportion as it is great, or frequent, or both, it must 
restrain the increase of the individual, 

Here we have to group together the Icading illustrations 
of this truth. We will take them in the same order ag 
before 


















§ 839. The lowest vegetal forms, or rather, we may say, 
those forms which we cannot class as either distinctly vegetal 
or distinctly animal, show ua a process of sexual multiplica- 
tion that differs much less from the asexual process than in 
the higher forms, The common character which distinguishes 
sexual from asexual gonosis, is that the mass of protoplasm 
whence a new generation is to arise, has been produced by the 
union of two portions of matter which were before more wide- 
ly separated. I use this general expression because, among 
the simplest Alger, this is not invariably matter supplied 
by different individuals: certain Diatomacee exhibit within 
a single cell, the formation of a sporangium by a drawing 

4a 
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together of the opposite halves of the endochrome into a 
ball, Mostly, however, sporangia are products of conjuga- 
tion. The protoplasmic contents of two cells unite to form 
the germ-mase or zygote; and these conjugating cells may be 
cither entirely independent, ax in many Desmidiacee and in 
the gametes of many Confervoider; or they may be two of 
the adjacent cells forming a thread, as in some Conjugate 
and the gametes of Confervoidem; or they may be celle 
belonging to adjacent threads, as in other Conjugate, But 
whether it is originated by a single parent-cell, or by two 
parentecells, the zygote, after remaining quiescent watil there 
recur the fit conditions for growth, either breaks up into a 
multitude of spores, cach of which produces an individual 
that usually multiplies asexually, or germinates directly to 
produco one new individual; and the fact here to be noted 
is, that as the entire contents of the parent-cells unite to 
form the zygote, their individualities are lost in the germs of 
a new generation. In these minute simple types, sexual 
propagation just as completely sacrifices the life of the 
parent or parents, as doea that form of asexual propagation 
in which the protoplasm resolves itself directly into 200 
spores, And in the one case as in the other, this sacrifice 
is the concomitant of a prodigious fertility, Slightly 
in advance of this, but still showing us an almost equal loss 
of parental life in the lives of offspring, is the process geen in 
such unicellular Alga as Botrydium, and in minute Fungi of 
the same degree of composition, ‘These exhibit a relatively 
enormous development of the spore-producing part, and an 
almost entire absorption of the parental substance into it. 
As evidence of the resulting powers of multiplication, we 
have but to remember that the spread of mould over stale 
food, the rapid destruction of crops by mildew, and other 
kindred occurrences, are made possible hy the incaleulably 
numerous spores thus generated and universally dispersed. 
Plants a degree higher in composition supply a parallel 
series of illustrations. We have among the larger Fungi, in 
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which the reproductive apparatus is relatively 60 enormous as 
to constitute the ostensible plant, a similar subordination of 
the individual to the race, and a similioty coe fertility. 
Thus, as quoted by Dr. Carpenter, Fries says—* in a single in- 
dividual of Reticularia mazima, 1 have counted (calculated?) 
10,000,000 gporules.”” It needs but to note the clonds of 
particles, so minute as to look like smoke, which ripe puff- 
balls give off when they are burst, and then to remember 
that euch particle is a potential fungus, to be impressed with 
the almost inconceivable powers of propagation which these 
plante poseces. The Lichens, too, furnish examples, 
‘Though they are nothing like so prolific as the Fungé (the 
difference yielding, az we shall hereafter see, further enpport 
to the genern! argument), yet there is a great production of 
and a proportionate snerifice of the parental indi- 
Considerable areas of the thallus develop into the 
frnit-bodies characteristic of the various fungi which, com- 
bined with algw, form the different lichens (various members 
of the Ascomycetes and the Bosidiomycetee). From those are 
produced great numbers of ascospores or basidiospores, as the 
ease may be, Very many lichens also reproduce themselves 
by means of Soredia, ie., little masses of algal cells closely. 
wrapped in a weft of fungal hyphe. Some con- 
trasta preaented by the higher Alga may also be named as 
exemplifying the inverse proportion between the size of the 
individual and the extent of the generative structures, While 
in the smaller kinds relatively large portions of the fronds are 
transformed into reproductive elements, in the larger kinds 
these portions are relatively emall: instance the Macrocystis 
pyrifera, a gigantic sea-weed which sometimes attains a 
length of 1,500 feet, of which Dr. Carpenter remarke— 
“This development of the nutritive surface takes place at 
the expense of the fructifying apparatus, which is here quite 
subordinate.” 

When we turn to vegetal aggregates of the third order of 
composition, facts having the same meaning are conspicuous, 
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On the average these higher plants are far larger than 
plants of a lower degree of composition ; and on the average 
their rates of sexnal reproduction are far leas. Similarly if, 
among Archegoniates and Phwnogama, we compare the 
smaller types with the larger, we find them proportionately 
more prolific. ‘This is not manifest if we simply calculate 
the number of seeds ripened by an individual in a single 
season; but it becomes manifest if we take into account the 
further factor which here complicates the reault—the age at 
which sexual genesis commences. The smaller Phenogams 
are mostly either annuals, or perennials that die down 
annually; and seeding as they do annually before their 
deaths, or the deaths of their reproductive parts, it results 
that in the course of a year cach gives origin to a maltitude 
of potential plants, of which every one may the next year, if 
presorved, give origin to an equal multitude, Supposing but 
a hundred offspring to be produced the first year, ten 
thousand may be produced in the second year, a million in 
the third, a hundred millions in the fourth. Meanwhile, 
what has been the possible multiplication of a large Phieno- 
gam? While its small congencr has been seeding and dying, 
and leaving multitudinous progeny to rood and dic, it has 
simply been growing; and may so continue to grow for ten 
or a dozen years without bearing fruit. Before a Cocoa-nut 
tree has ripened its first cluster of nuts, the descendants of 
a wheat plant, supposing them all to survive and multiply, 
will have become numerous enough to occupy the whole 
surface of the Earth, So that though, when it begins to 
bear, a tree may annually shed as many seeds as a herb, yet 
in consequence of this delay in bearing, its fertility is incom- 
parably less; and its relatively-sinall fertility beeomes still 
farther reduced where, as in Lodoicea’ callipyge, the seeds 
take two years from the date of fertilization to the date of 
germination. 





§ 340. Some observers state that in certain Protozoa there 
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«curs a process af conjugation akin to that whieh the 
Protophyta exhibit—a coalescence of the substance of two 
individuals to form a germ-mass, This has been alleged 
more especially of Actinophrys, If this statement should 
be proved true,* then of the minute forms that appear to be 
more animal than vegetal in their characters, some have a 
mode of sexual multiplication by which the parents are 
sacrificed bodily in the production of a new generation. 

Among small animal aggregates of the second order, the 
first to be considered are of course the Calenterata, A Hydra 
occasionally devotes a large part of ite substance to sexual 
genesis, In the walls of its body groups of ova, or sperma- 
tozon, or both, take their rise; and develop into masses 
greatly distorting the creature's form, and leaying it much 
diminished when they escape. Here, however, gamogenesis is 
obviously supplementary to agamogenesis—the immensely 
rapid multiplication by budding continues as long ae food is 
abundant and warmth sufficient, and is replaced by gamo- 
genesis only at the close of the season. A better example: 

* To this passage Prof, MecBride appends tho remarl This is quite 
proven now, and the statement as it stands is quite correct; bat far better 
and mor minutely worked out cases are to be found amongst the Jayfasoria. 
In Paranacium for example, thero are normally present m Inrge anacro- 
nucleus and a sinall micronucleas lying alongaide of It. When two indb 
viduals adhere prepiaratory to conjugation, the macronuctons breaks wp into 
feagments which are absorbed 1 the mlcronnclous—which has sowe time pre- 
uily divided into two—begins to break up further and eventually forms 
eight bodies ; all of these except one disappear; thix last piece then divides 
into two; of these (wo ono ropresents a malo genital coll, for it parses over 
into the body of the other Férammeium and fuses with onc of the two corre 
sponding nucle there; thus each of the two Individuals which adhere 
fertilizos the other, The two individuals thon separate and the nucleus 
(rosult of fusion of mole and female nuclei) in cach divides into four, Of 
these, two move to ane end of the animal and two to the other, ‘The 
animal then divides into two transeerscly—ench of the products thus hay 
ing two nvelel which form the micro. and mncro-nuctous of it Thus fk 
appears chat the function of sexual unlon is simply wo give inereased vigoar 
to all the vital processes including fission. Since ax mentioned above (jr 
443) if it is prevented, the products of fission aro eventually unable 0 foed 
themselves." 
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of the relation between small size and active gamogenesis 
among low types of the Metazoa is supplied by the Rotifera. 
Microscopic as these are, they have a great rate of sexual 
increase. According to Ehrenberg, Hydatina senta “is 
capable of a four-fold propagation every twenty-four or 
thirty hours, bringing forth in this time four ova, which grow 
from the embryo to maturity, and exclude their fertile ova 
in the same period. The same individual, producing in ten 
days forty eggs, developed with the rapidity above cited, this 
rate, raised to the tenth power, gives one million of indi- 
viduals from one parent, on the eleventh day four millions, 
and on the twelfth day sixteen millions, and so on.” 
Ehrenberg, however, characterized by Huxley as “the 
greatest looker and the worst observer,” is not a safe autho-~ 
rity, and it is better to state the estimate of Ludwig Plate, 
who says that Hydatina lays fifty eggs in two to three wooks 
—a number which, multiplying in the manner described, 
will yield in the time named a much smaller total though still 
an enormous total. 

‘The Annulosa, including among them the inferior types, 
have habits and conditions of life so various that only the 
broadest contrasts can be instanced in support of the pro- 
position before us. The differences of organization and 
activity greatly complicate the inverse variation of fertility 
and bulk. Bearing in mind, however, that the rate of multi- 
plication depends much less on the number of cach brood 
than on the quickness with which maturity is reached and a 
new generation commenced, it will be obvious that though 
Annelide, relatively enormous in size, produce great numbers 
of ova, yet as they do this at comparatively long inter- 
vals, their rates of increase fall immensely below that just 
instanced in the Rotifers. And when at the other extreme 
we come to the large articulate animals, such as the Crab 
and the Lobster, the further diminution of fertility is seen in 
the still longer delay which occurs before each new generation 
begins to reproduce. 


cid 
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Perhaps the best examples are supplied by vertebrate 
animals, and especially those that are most familiar to us. 
Comparisons between Fishes are unsatisfactory, because of 
our ignorance of their histories. In some cases Fishes equal 
in bulk produce widely different numbers of eggs; as the 
Cod which spawns millions at once, and the Salmon by 
which nothing like so great a number is spawned. But then 
the eggs are very unlike in size; and if the ovaria of the two 
fishes be compared, the difference between their masees is 
comparatively moderate. ‘There are, indeed, contrasts which 
seom at variance with the alleged relation; as that between 
the Cod and the Stickleback which, though so much smaller, 
produces fewer ova, The Stickleback’s ova, however, are 
relatively large; and their total bulk bears as great a ratio to 
the bulk of the Stickleback ag does the bulk of the Cod’s ova 
to that of the Cod. Moreover if, as iz not improbable, the 

. reproductive age is arrived at earlier by the Stickleback than 

y the Cod, the fertility of the species may be greater not- 

withstanding the smaller number produced by each indi- 

vidual. Fyidence which admits of being tolerably 
well disentangled is furnished by Birds. ‘They differ but 
little in their grades of organization; and the habits of life 
throughout extensive groups of them are so similar, that 
comparisons may be fairly made. Tt is true that, as here 
after to be shown, the differences of expenditure which 
differences of bulk entail, have doubtless much to do with 
the differences of fertility. But we may sct down under the 
present head some of those eases in which the activity, being 
relatively slight, docs not greatly interfere with the relation 
we are considering; and may note that among such birds 
having similarly slight activities, the small produce more eggs 

than the large, and eggs that bear in their total mass a 

greater ratio to the mass of the parent. Consider, for ex- 

ample, the gallinacoous birds; which are like one another 
and unlike binds of most other groups in flying comparatively 
little. Taking first the wild members of this order, which 



























GROWTH AND SEXUAL GENESIS, 455 


rarely breed more than once in a season, we find that the 
Pheasant has from 10 to 14 eggs, the Black-cock from 6 to 
10, the Grouse 8 to 14, the Partridge 12 to 20, the Quail 
still more, sometimes reaching two broods of 7 to 12 in each, 
Here the only exception to the relation between decreasing 
bulk and increasing number of eggs, occurs in the cases of 
the Pheasant and the Black-cock; and it is to be remem- 
bered, in explanation, that the Pheasant is constitutionally 
adapted to a warmer region, is better fed—often artificially — 
and leads a less active life. If we pass to domesticated 
genera of the same order, we mect with parallel differences, 
From the numbers of eggs laid, little can be inferred ; for 
under the favourable conditions artificially maintained, the 
laying is carried on indefinitely. But though in the sizes of 
their broods the Turkey and the Fowl do not greatly differ, 
the Fowl begins breeding at a much catlicr age than the 
‘Turkey, and produces broods more frequently: a consider 
ably higher rate of multiplication being the result. Now 
these contrasis among domestic creatures which are similarly 
conditioned, and closely-allied by constitution, may be 
held to show, more clearly than moat other contrasts, the 
inverse variation between bulk and sexual genesis; since 
here the cost of activity is diminished to a comparatively 
small amount. ‘There is little expenditure in flight—some- 
times almost none; and the expenditure in walking about 
is not great: there is more of standing than of actual 
movement. It is true that young Turkeys commence 
their existence ag larger masses than chickens; but it is 
tolerably manifest that the total weight of the eggs Inid 
by a Turkey during each senson, bears a less ratio to the 
Turkey's weight, than the total weight of the eggs which a 
Hen Jays during each season, bears to the Hen's weight; 
and this is the fairest way of making the comparison. The 
comparison so made shows a greater difference than appears 
likely to be due to the different costs of locomotion; con- 
sidering the inertness of the creatures. Remembering that 
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the assimilating surface increases only as the squares of the 
dimensions, while the mass of the fabric to be built up by the 
absorbed nutriment increases as the cubes of the dimensions, 
it will be seen that the expense of growth becomes relatively 
greater with ench increment of size; and that hence, of two 
similar creatures commencing life with different sizes, the 
larger one in reaching its superior adult bulk, will do this at 
4 more than proportionate expense; and so will either be 
delayed in commencing its reproduction, or will have a 
diminished mserve for reproduction, or both. Other orders 
of Birds, active in their habits, show more markedly the cone 
nexion between augmenting mass and declining fertility. 
But in them the increasing cost of locomotion becomes am 
important, and probably the most important, factor. ‘The 
evidence they furnieh will therefore come better under 
another head. Contrasts among Mammals, like 
those which Birds present, have thelr meanings obscured by 
inequalities of the expenditures for motion. ‘The smaller 
fertility which habitually accompanies greater bulk, amt 
in all cases be partly ascribed to this, Still, it may be 
well if we briefly note, for as much aa they are worth, 
the broader contrasts. While a large Mammal bears but 
a single young one at a time, is several years before it com- 
mences doing this, and then repeats the reproduction at long: 
intervals; we find, as we descend to the smaller members of 
the class, a very early commencement of breeding, an increas- 
ing number at a birth, reaching in small Rodents to 10 or 
even more, and a much more frequent recurrence of brooda= 
the combined result being’ a relatively prodigious fertility. 
Tf n specific comparison be desired between Mammals that 
are similar in constitution, in food, in conditions of life, and 
all other things but size, the Deer-tribe supplies it. While 
the large Red-deer has but one at a birth, the small Roo-deer 
has frequently two at a birth.* 


$341. The antagonism between growth and sexual gene 
A passage translated for we from the German may be bere given Io 


Pate | 
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sis, visible in theee general contrasts, may also be traced in the 
history of cach plant and animal, So familiar is the fact 
that sexual genesis does not oceur early in life, and in all 
organisms which expend much begins only when the limit of 
size is nearly reached, that we do not sufficiently note its 
significance. It is a general physiological truth, however, 
that while the building-up of the individual is going on 
rapidly, the reproductive organs remain imperfectly deve- 
loped and inactive; and that the commencement of repro- 
duction at once indicates a declining rate of growth, and 
Decomes a cause of arresting growth. As was shown in $78, 
the exceptions to this rule are found where the limit of 
growth is indefinite; either because the organism expends 
little or nothing in action, or expends in action so moderate 
an amount that the supply of nutriment is never equilibrated 
by its expenditure. 

We will pass over the inferior plants and, limiting 
ourselves to Phanogu will not dwell on the less con- 
spicuous evidence with the smaller types present. A few 
cases such as gardens supply will serve. All know that 
a Pear-tree increases in size for years before it begins to 
bear; and that, producing but few pears at first, it is long 
before it fruits abundantly. A young Mulberry-tree, branch. 
ing out luxuriantly season after season, but eovered with 
nothing but leaves, at length blossoms sparingly and sets 
some small and imperfect berries, which it drope while they 
are green; and it makes these futile attempta time after 
verification, Dr. Dionys Hellin in an essay ou the origin of Muldiparity 
and ‘Twin-births, refore to tho thesie above wet forth, and anys that “the 
fact that it is generally women of small growth who bear twins Js In com 
plote agreement with ft.” He adds that “ Puech Js right in his opintow chat 
trin prognancios aro a direct result of relatively lange ovurios (i.e, in com. 
parison with the whole bey} He has obserred that for the samo size of 
ody the ovartam of a pluriparous animal Ie always of greater volume than 
that of a uniparous animal , . . » = sowbat ovaries ax large asm cow's; 
Dut while the latter bears only one nlf [at a time], the sow hrings forth 
6—10 at each liver, Even in anireals ef the same species but belonging to 
different races these relations may be reritied.” 2g., Barbary sheep and ordi. 
ary sheep. 
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time before it succeeds in ripening any seeds. But these 
multi-axial plants, or aggregates of individaala eome of 
which continue to grow while others become arnsted and 
transformed into seed-bearers, show us the relation les de- 
finitely than certain plants that are substantially, if not 
literally, uni-axial. Of these the Cocon-nut may be in- 
stanced.. For some years it goes on shooting up without 
making any eign of becoming fertile. About the sixth year 
it flowers; but the flowers wither withont result. Jn the 
seventh year it flowers and produces a few nuts; bat these 
prove abortive and drop. In the eighth year it ripens 
moderate number of nuts; and afterwards increases the 
number until, in the tenth year, it comes into full bearing. 
Meanwhile, from the time of its first flowering ita growth 
begins to diminish, and goes on diminishing till the tenth 
year, when it ceases. Here we see the antagonism: between 
growth and sexual genesis under both its aspects—see a 
struggle between self-evolution and race-evolution, in which 
the first for a time overcomes the last, and the last ultimately 
overcomes the first. The continued aggrandizement of the 
parent-individual makes abortive for two seasons the tendency 
to produce new individuals; und the tendency to produce 
new individuals, becoming more decided, stops any further 
aggrandizoment of the parent individual. 

Parallel illustrations occur in the animal kingdom. The 
eggs laid by a pullet are relatively mall and fow. Similarly, 
it is alleged that, as a gencral mule, “a bitch has fower 
puppies at first, than afterwards.” According to Burdach, 
as quoted by Dr. Duncan, “the elk, the bear, &., have at 
first only a single young one, then they come to have most 
frequently two, and at last again only one. The young 
hamster produces only from three to six young ones, while 
that of a more advanced age produces from eight to sixteen. 
The same is true of the pig.” Tt is remarked by Buffon that 
when a sow of less than a year old has young, the number of 
the litter is small, and its members are feeble and even im- 
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perfect, Here we have evidence that in animals growth 
checks sexual genesis, And then, on the other hand, we 
have evidence that sexual genesis checks growth. It is well 
known to breeders that if a filly is allowed to bear a foal, 
she is thereby prevented from reaching her proper size, And 
‘a like loss of perfection as an individual, ia suffered by a 
cow which breeds too carly. It may be added, asa converse 
fact, that castrated animals, as capons and notably cats, 
often become larger than their unmutilated associates, 


$342, Notwithstanding the way in which the inverse 
variation of growth and sexual genesis is complicated with 
other relationg, its existence is, I think, sufficiently mani- 
dually, many of the foregoing instances are open 
to criticism, and have to be taken with qualifications; but 
when looked at in the mass their meaning is beyond doubt. 
Comparisons between the largest with the smallest types, 
whether vegetal or animal, yield resulta which are unmis- 
takable. On the one hand, remembering the fact that dur- 
ing its centuries of life a Ouk does not produce as many 
acorns ux 2 Fungus does spores in a single night, we see that 
the Fungus has a fertility exceeding that of the Oak in a 
degree literally beyond our powers of calculation or imagina- 
tion. On the other hand when, taking a microscopic pro- 
tophyte which has billions of descendants in a few days, 
wo ask how many such would be required to build up the 
forest tree which is yoars before it drops a seed, we are met by 
a parallel difficulty in conceiving the number, if not in setting 
it down. Similarly, if from the minmte and prodigiously- 
fertile Rotifer we turn to the Elephant, which approaches 
thirty years before it bears a solitary young ono, we find the 
connoxions between small size and great fertility and between 
great size and small fortility, too intensely marked to be 
much disguised by the perturbing relations that have been 
indicated. Finally, as this induction, reached by a survey of 
organisme in general, is verified by observations on the rela- 
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tion between decreasing growth and ¢ : 
tion in individual organiems, we may, 1 think, 
alleged antagonism as proved.* 


‘comet tacitly to assert that individual nuice 
‘tho propagation of the race; but nowhere found # distinct enunciation 
this truth. Idid not then read the Chapter entitled “General View 
Functions," which held out no promise af such evidence as 1 was looking for 
atom sate ebrng the soir Aeorere ee 

‘mont that—" there is a certain degree of antagoniam between the 
and Reproductive functions, the one being executod at the expense 
‘thor, The reproductive apparatus derives the materials of ite 
through the nutritive system, and Is entirely dependent upon it for 
tinuance of its function. If, therefore, It be In a state of excessive 
it will necessarily draw off from the individual fabric some portion of th 
aliment destined for its maintenance, It may bo universally observed § 
when ok nutritive Sonos ie parton) stirs s Senee a ie 

ayatom in in a corresponding degree 








CHAPTER VIL. 


THE ANTAGONISM NETWREN DEVELOPMENT AND GENESIS, 
ASEXUAL AND SEXUAL. 


$443. By Development, as here to be dealt with apart 
from Growth, is meant increase of etructure as distinguished 
from increase of mass. As was pointed out in § 50, this is 
the biological definition of the word. In the following sec- 
tions, then, we have to note how complexity of organization 
is hindered by reproductive activity, and conversely. 

This relation partially coincides with that which we have 
just contemplated; for, as was shown in § 44, degree of 
growth is to a considerable extent dependent on degree of 
organization. But while the antagonism to be illustrated in 
this chapter is much entangled with that illustrated in the 
lust chapter, it may be so far separated ax to be identified as 
an additional antagonism, 

Besides the direct opposition between that continual dis- 
integration which rapid genesis implies, and the fulfilment of 
that pre-requisite to extensive organization—the formation of 
an extensive aggregate, there is an indirect opposition which 
we may recognize under several aspects. The change 
from homogeneity to heterogencity takes time; and time 
taken in transforming « relatively-structureless mass into a 
developed individual, delays the period of reproduction. Usu- 
ally this time is merged in that taken for growth ; but certain 
cases of metamorphosis show us the one separate from the 
other, An insect, passing from ite lowly-organized cater- 

41 
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pillarstage into that of chrysalis, is afterwards a week, a 
fortnight, er a longer period in completing its structure: the 
re-commencement of genesis being by so much postponed, 
and the rate of multiplication therefore diminished. Further, 
that re-arrangement of substance which development implins, 
entails expenditure. The chryealis loses weight in the course 
of ite transformation; and that its logs is not logs of water 
only, may be inferred from the faet that it respires, and that 
respiration indieates consumption. Clearly the matter con- 
sumed is, other things equal, a deduction from the surplus 
which may go to reproduction, Yet again, the more 
widely and completely an organic mase becomes differentiated, 
the amaller is the portion of it which retains the relatively- 
undifferentiated state that admita of being moulded into new 
individuals, or the germs of them. Protoplasim which has 
hecome xpecialized Lissue cannot be generalized afresh, and 
afterwards transformed into something else; and hence the 
progress of atructure in an organism, by diminishing the 
unstructured part, diminishes the amount available for mak- 
ing offspring. 

It is truo that higker structure, like greater growth, may 
insure to 2 species advantages which eventually further its 
multiplication—may give it access to larger supplies of food, 
or enable it to obtain food more economically; and we shall 
hereafter sec how the inverse variation we are considering is 
thus qualified, But here we are concerned only with the 
necessary and direct effects; not with those that are con- 
tingent and remote. These necessary and direct effects we: 
will now Jook at as exemplified. 


$341. Spenking generally, the simpler plants propagate 
both sexnally and asexually; and, speaking comparatively, 
the complex plants propagate only sexually: their asexual 
propagation is usually incompleto—produces a united 
gate of individuals instead of numerous distinct individuals. 
‘The Protophytes that perpetually subdivide, the merely- 


ei J 
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cellular Alga that shed their tetraspores, the Archegoniates 
that spontaneously separate their fronds or drop their gem- 
mw, show us an extra modo of multiplication which, among 
flowering plants, is exceptional. 'This extra mode of multipli- 
cation among these simpler plants, is made easy by their low 
development. Tetraspores arise only where the frond con- 
sists of untransformed cells; gem bud out and drop off 
only where the tissue is comparatively homogeneous, 

Should it be snid that this is but another aspect of the 
antagonism already set forth, since these undeveloped forms 
are also the smaller forms; the reply is that though in part 
true this is not wholly true. Various marine Alge which 
propagate asexually, are larger than some Phanogams which 
do not thus propagate, The objection that difference of 
medium vitiates this comparison, is mot by the fact that it is 
the same among land-plants themselves. Sundry of the low- 
ly-organized Liverworts which are habitually gemmipsrous, 
exceed in size many flowering plants. And the Ferns show 
us agamic multiplication occurring in plants which, while 
they are inferior in complexity of structure, are superior in 
bulk to numbers of annual Monocotyledons and Dicotyledons. 


$545. Tn the ability of the lowly-organized substance of a 
Sponge to transform itself into multitudes of gemmules, we 
have an instance of this same direct relation in the animal 
kingdom. Moreover, the instance yields very distinct proof 
of an antagonism between development and genesis, inde- 
pendent of the antagonism between growth und genesis ; 
for the Sponge which thus multiplies itself asexually, as well 
as sexually, is far larger than hosts of more complex animals 
which do not multiply asexually, 

Once again may be citod the creature so often brought in 
evidence, the Hydra, as showing us how rapidity of agamic 
propagation is associated with inferiority of strneture. Its 
power to produce young ones from nearly all parts of its 
body, is duc to the comparative homogeneity of its body. In 
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kindred but more-organized types, the gemmiparity is 
greatly restricted, or disappears. Among the free-swimming 
Hydrotoa, multiplication by budding, when it oceurs at all, 
occurs only at special places. That, increase of structure 
apart from increase of size, ix here a cause of declining agame- 
genesis, we may eee in the contrast between the simple ydee 
and the compound Hydroids. These last, along with more 
differentiated tissues, show ua a mation which does net 
go on all over the body of each polype, and much of it does 
not end in separation. 

It is, however, among the Annulosa that progressing 
organization is most conspicuously operative in diminishing 
agumogenesis. ‘The segments or “ somites” composing an 
animal belonging to this class, are primordially alike; and, 
us before argued ($§ 205-7), are probably the homologues of 
what were originally independent individuals. ‘The progress 
from the lower to the higher types of the class, is at once a 
progress towards types in which the etrings of segments cense 
to undergo subdivision, and towards types in which the seg- 
ments, no longer alike in their structures and functions, have 
become physiologically integrated or mutually dependent. 
Already this group of cases has been named as illustrating 
the antagonism between growth and asexual genesis; but it 
is propor also to name it here, since, on the one hand, the 
greater size due to the ceasing of fission, is made possible 
only by the specialization of parts and the development of a 
inating apparatus to combine their actions, and since, 
on the other hand, specialization and co-ordination ean ad- 
yance only in proportion as fission ceases. 

















§ 346. The inverse variation of development and sexual 
genesis is by no means easy to follow. One or two facts indi- 
cative of it may, however, be named 

Phwnogams that have but little supporting tissue may 
fairly be classed as etracturally inferior to those having stems 
with 2 bulky and complex woody system; for these imply 
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additional differentiations, and constitute wider departures 
from the primitive type of vegetal tissue. That the con- 
comitant of this higher organization is a slower gamogenesis, 
scarcely needs pointing out. While the herbaceous annual 
is blogeoming and ripening seed, the young troe ix transform- 
ing its originally-succulent axis into dense fibrous substance ; 
and year by year the young tree expends in doing the like, 
nutriment which successive generations of the annual expend 
in fruit. Here the inverse relation is between sexual repro- 
duction and complexity, and not between sexual reproduction 
and bulk, seeing that besides seeding, the annual often grows 
to a size greater than that reached by the young infertile tree 
in several years. 

Proof of the antagonism between complexity and gamo- 
genesia in animals, is still more difficult to disentangle. 
Perhaps the evidence moat to the point is furnished by the 
contrast between Man and certain other Mammals approach- 
ing him in mass. To compare him with the domestic 
Sheep which, though not very unlike in size, is relatively 
prolific, is objectionable because of the relative inactivity of 
Sheep; and this, too, may be alleged as a reason why the Ox, 
though far more bulky, is also far more fertile, than Man. 
Further, against a comparison with the Horse which, while 
both larger and morw prolific, is tolerably active, it may be 
arged that in his case, and the cases of herbivorous creatures 
generally, the small exertion required to procure food, joined 
with the great ratio borne by the alimentary organs to the 
organs they have to build up and repair, vitiates the reeult, 
We may, however, fairly draw a parallel between Man and a 
large carnivore. ‘The Lion, superior in size, and perhaps 
equal in activity, has a digestive system not proportionately 
greater; and yet has a higher rate of multiplication than 
Man. Here the only decided want of parity, besides that of 
organization, is that of food. Posaibly a carnivore gains an 
advantage in having a surplus nutriment consisting almost 
wholly of those nitrogenous materials from which the bodies 
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of young ones are mainly formed. But, allowing for all other 
differences, it appears not improbable that the smallness of 
human fertility compared with the fertility of large feline 
animals, is due to the greater complexity of the human 
organization—more especially the organization of the nervous 
system. Taking degree of nervous organization as the chief 
correlative of mental capacity ; and remembering the physio- 
logical cost of that slow evolution whereby high mental 
capacity is reached; we may suspect that nervous organiza- 
tion is very expensive: the inference being that bringing it 
up to the level it reaches in Man, whose digestive system, by 
no means large, has at the same time to supply materials for 
general growth and daily waste, involves a great retardation 
of maturity and sexual genesis. 





CHAPTER VIL. 


ANTAGONISM BETWEEN EXPENDITURE AND GENESIS. 


§ 347. Unnen this head we haye to set down no evidence 
derived from the vegetal kingdom. Plants are not expenders 
of force in such degrees a4 to affect the general relations with 
which we are dealing. They have not to maintain a heat 
above that of their environment, nor have they to generate 
motion; and hence consumption for these twa purposes does 
not diminish the stock of material which serves on the one 
hand for growth and on the other hand for propagation. 

It will be well, too, if we pase over the lower animals: 
especially those aquatic ones which, being nearly of the 
same temperature as the water, and nearly of the same 
specific gravity, lose but little in evolving motion, sensible 
and insensible. A furthtr reason for excluding from con- 
sideration these inferior types, is that we do not know enough 
of their rates of genesis to permit of our making, with any 
satisfaction, those involved comparisons here to be entered 
upon. 

The facts on which we must mainly depend are those to be 
gathered from terrestrial animals, and chiefly from those 
higher classes of them which are at the same time great 
expenders and have rates of multiplication about which our 
knowledge is tolorably definite. We will restrict ourselves, 
then, to the evidence which Birds and Mammals supply. 











$348. Satisfactory proof that loss of substance in the 
407 
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mulintenance of heat diminishes the rapidity of propagation, 
is difficult to obtain, It is, indeed, obvious that the warm. 
blooded Vertebrata are less prolific than the cold-blooded ; 
but then they are at the same time more vivacious, Simi- 
larly, between Mammals and Birds (which are the warmer- 
blooded of the two) there is, other things equal, a parallel, 
though much smaller, difference; but here, too, the unlike 
nesses of muscular action complicate fhe evidence. Again, 
the annual return of generative activity has an average cor 
respondence with the annual return of a warmer season, 
which, did it etand alone, might be taken as evidence that a 
diminished cost of heat-maintenance leads to such a surplus 
as inakes reproduction possible. But then, this periodic rise 
of temperature is habitually accompanied by an inerease in 
the quantity of food—a factor of equal or greater importance. 
We must be content, therefore, with such few special facts as 
admit of being disentangled, . 

Certain of these wo are introduced to by the genoral rela- 
tion last named—the habitual recurrence of genesis with the 
recurrence of spring. For in some cases a donivaticated erea- 
ture has its supplies of food almost equalized ; and hence the 
effect of varying nutrition may be in great part eliminated 
from the comparison. The common Fowl yields an illustra- 
tion. It ia fed through the cold monthe, but nevertheless, in 
mid-winter, it cither wholly leaves off la 
sparingly. And then we have the further 
lays sparingly, it does so only on condition that the heat, as 
well as the food, is artificially maintained. Hens lay in cold 
weather only when they are kept warm. ‘To which fact may 
be added the kindred one that “when pigeons receive arti- 
ficial heat, they not only continue to hatch longer in autumn, 
tut will recommence in spring sooner than they would other- 
wise do,” An analogous piece of evidence is that, in 
winter, inadequately sheltered Cows either cease to give milk 
or give it in diminished quantity. For though giving milk 
is not the same thing as bearing a young one, yot, as milk 
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is part of the material from which a young one is built up, 
it is part of the outlay for reproductive purposes, and diminu- 
tion of it is a loss of reproductive power. Indeed the case 
aptly illustrates, under another aspect, the struggle between 
self-preservation and race-preservation. Maintenance of the 
cow's life depends on maintenance of its heat; and main- 
tenance of its heat may entail such reduction in the supply 
of milk as to cause the death of the calf. 

Evidence derived from the habits of the same or allied 
genera in different climates, may naturally be looked for; but 
it is diMieult to get, and it can scarcely be expected that the 
remaining conditions of existence will be so far similar as to 
allow of a fair comparison being made. ‘The only illustrative 
facts I have met with which seem noteworthy, are some named 
by Mr, Gould in his work on The Birds of Australia, Me 
I must not omit to mention, too, the extraordinary 
which prevails in Australia, many of its smaller 
birds breeding three or four times in a season; but laying 
fewer eggs in the early spring when insect life’ ts leas de- 
veloped, and a greater number later in the season, when the 
supply of insect food has become more abundant. I have 
also some reason to believe that the young of many species 
brood during the first season, for among others, I froquently 
found one section of the Honoy-eaters (the Melithrepti) sit- 
ting upon eggs while still clothed in the brown dress of imma- 
turity; and we know that such is the case with the intro- 
duced Gallinacee (or poultry) three or four generations of 
which have been often produced in the course of a year.’ 
Though here Mr. Gould refers only to variation in the 
quantity of food as a cause of variation in the mate of multi- 
plication, may we not suspect that warmth is a part-cause 
of the high rate which he describes as general? 





$349. Of the inverse variation between activity and 
genesis, we get clear proof. Let us begin with that which 


Birds furnish. 
7 
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First we have the average contrast, already hinted, between 
the fertility of Birds and the fertility of Mammals, Compar 
ing the large with the large and the «mall with the small, we 
ree that creatures which continually go through the muscular 
exertion of sustaining themselves in the air and propelling 
themselves rapidly through it, are less prolific than creatures 
of equal weights which go through the emaller exertion of 
moving about over solid surfaces. Predatory Birds have 
fewer young ones than predatory Mammals of approximately 
the same sizes, 1f wo compare Rooks with Rats, or Finches 
with Mice, we find like differences, And these differences ane 
greater than at first appears, Vor whereas among Mammals 
a mother is able, unaided, to bear and suckle and rear half- 
way to maturity, a brood that probably weighs more in pro- 
portion than does the brood of a Bird; a Bird, or at least a 
Bird that flies much, is unable to do this. Both parents have 
to help; and this indicates that the margin for reproduction 
in cach adult individual is smaller. 

Among Birds themselves occur contrasts which may be 
next considered, In the Raptorial class, various apeciea of 
which, differing in their sizes, ure similarly active in their 
habits, w hat the small are more prolific than the lange. 
‘The Golden Eagle has usually 2 eggs; sometimes 8, some= 
times only 1. As we descend to the Kites and Falcons, the 
number is 2 or 3, and 3 or 4, And when we come to the 
Sparrow-Hawk, 3 to 5 is tho specified number. Similarly | 
among the Owls: while the Great Eagle-Owl has 2 or & 
eggs, the comparatively small Common Owl has 4 or 5, As 
before hinted, it is impossible to say what proportions of these 
differences are due to unlikenesses of bulk merely, and what 
proportions are due to unlikencssce in the costs ef locomo+ 
tion. But we may fairly assume that the unlikeneases in the 
costs of locomotion are here the more important factors. 
Weights varying as the cubes of the dimensions, while the 
surfaces of digestive ystems vary as the squares, the expense 
of flight increases more rapidly than does the ability to take 
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in nutriment; and a8 motion through the air requires more 
effort than motion on the ground, this geometrical progression 
tells more rapidly on Birds than on Mammals. Be this as it 
may, however, these contrasts support the argument; as do 
various others which may be set down, ‘The Finch-family, for 
example, haye broods averaging about 5 in number, and have 
commonly 2 broods in the season; while in the Crow-family 
the number of the brood ia on the average leas, and there is 
but one brood in the senson. And then on descending to such 
small birds az the Wrens and the Tits, we have 8, 10, 12 to 
15 eggs, and sometimes two broods in the year, One of the 
best illustrations is furnished by the Swallow-tribe, through- 
out which there is little or no difference in mode of life or in 
food, The Sand-Martin, much the least of them, haa 4 to 6 
eggs and two broods; the Swallow, somewhat larger, has 4 or 
5; and the Swift (similar in habits though unrelated), larger 
ill, has but 2. Here we see a lower fertility associated 
in part with greater size, but associated still more con- 
spicuously with greater expenditure, For the difference of 
fertility is more than proportionate to the difference of bulk, 
as shown in other cases; and for this greater difference there 
is the reason, that the Swift has to support not only the cost 
of propelling its larger mass through the air, but also the 
cost of propelling it at a higher velocity, 

Omitting much evidence of like nature, let us note that 
disclosed by comparisons of certain groups of birds with 
othor groups. “Skulkers ” is the descriptive title applied to 
the Water-Rail, the Corn-Crake, and their allies, which evade 
enemies by concealment—consequently expending but little 
in locomotion. ‘These birds have relatively large broods—6 
to 11,8 to 12, &« Not less instructive are the contrasts be~ 
tween the Gallinaceous Birds and other Birds of like sizes but 
more active habits. The Partridge and the Wood-Pigeon are 
about oqual in bulk and have much the same food. Yet while 
the one has from 12 te 20 young ones, the other has but 2 
young ones twice a-year: its annual reproduction is less than 
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one-third. It may bo said that the ability of the Partridge 
to bring up so large a brood, is due to that habit of its tribe 
which one of its names, “ Scrapers,” describes; and to the 
accompanying habit of the young, which begin te get their 
own living as soon as they are hatched: so saving the parents’ 
labour. Conversely, it may be eaid that the inability of 
Pigeons to rear more than 2 at a time, is eaused by the neces 
sity of fetching everything they ent. But the alleged relation 
holds nevertheless, On the one hand, a great part of the food 
which the Partridge chicks pick up, is food which, in their 
absence, the mother would haye picked up, ‘Though each chick 
costs her far lese than a young Pigeon costs its parents, yvt 
the whole of her chicks cost her a great deal in the shape of 
ubstinence—an abstinence she can bear because she has to fly 
but little, On the other hand, the Pigeon’s habit of laying 
and hatching but two eggs, must not be referred to any fore: 
seen necessity of going through so much labour in supporting 
the young, but to a constitutional tendency established by | 
such labour, This is proved by the curious fact that when — 
domesticated, and saved from such Iabour by artiflelal feeding, | 
Pigeons, says Maegillivray (quoting Aitkin), “are frequently 
seen silting on eggs long before the former brood is able to 
leave the neat, 90 that the parent bird has at the same time 
young birds and eggs to take care of,” 





§ 350. Made to illustrate the effect of activity on fertility, 
most comparisons among Mammals are objectionable: other 
circumstances are not cqual. A. few, however, escape this 
criticism, 

One is that between the Hare and the Rabbit. These are | 
closely-allied species of the same genus, similar in their diet 
but unlike in their expenditures for locomotion, The nela- 
tively-inert Rabbit has 6 young ones in a litter, and four 
litters a-year; while the relatively-active Hare has but 2 to 
‘he Rabbit begins to breed 





5 in a litter, This is not all. 
at six months old; but a year elapses before the Hare beging 


a 8 








EXPENDITURE AND GENESIS. 478 


to breed. ‘These two factors compounded, result in a dif- 
ference of fortility far greater than ean be ascribed to un- 
likeness of the two creatures in size. 

Perhaps the most striking piece of evidence which Mam= 
mals furnish, is the extreme infertility of our common Bat, 
The Cheiroptere and the Rodentia are not very dissimilar in 
their internal structures. Diversity of constitution, therefore, 
cannot vitiate the comparison between Bats and Mice, which 
are about the same in size. Though their dicta differ, the 
difference is in favour of the Bat: its food being exclusively 
animal while that of the Mouse is mainly vegetal. What 
now are their respective rates of genesis? The Mouse has 
several litters in a year of 5 to ¥ in each; while the Bat pro- 
duces only one at a time. Whether the Bat repeate its one 
more frequently than the Mouse repeats its 7 i not stated; 
but it is quite certain that even if it does so (an absurd 
supposition), the more frequent repetition cannot be such 
as to raise its fertility to anything like that of the Mouse. 
And this relatively-low rate of multiplication we may fairly 
ascribe to ite relatively-high rate of expenditure. 

Here lot us note, in passing, an interesting example of the 
way in which a species which hax no specially-great power of 
self-proservation, while its power of multiplication ix ex- 
tremely small, nevertheless avoids extinction because it has 
to meet an unueually-amall total of race-destroying forces, 
Leaving out parasites, the only enemy of the Bat is the Owl; 
and the Owl is sparingly distributed. 





$351. These general evidences may be enforced by some 
special evidences, We have few opportunities of observing 
how, within the same especies, variations of expenditure are 
related to variations of fertility. But a fact or two showing 
the connexion may be named. 

Doetor Duncan quotes a statemont to the point respecting 
the breeding of dogs. Already in § 341 Thave extracted a part 
of this statement, to the effect that before her growth is com- 
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plete, a bitch bears at a birth fewer puppies than when she 
becomes full-grown. An accompanying allegation is, that 
her declining vigour is shown by a decrease in the number of 
puppies contained in a litter, “ending in one or two.” And 
then it is further alleged that, “as regards the amount of 
work a dog has to perform, so will the decline be rapid or 
gradual; and hence, if a bitch is worked hard year after year, 
she will fail rapidly, and the diminution of her puppies will 
be accordingly; but if worked moderately and well kept, she 
will fail gradually, and the diminution will be less rapid.” 

In this place, more fitly than eleewhere, may be wdded a 
fact of like implication, though of a different order. “Of 
course whether excessive expenditure be in the continual re- 
pairs of nervo-muscular tissues or in replacing other tissues, 
the reactive offects, if not quite the same, will be similar— 
there will be a decrease of the surplus available for genesis. 
Tf, then, in any animals there from time to time occur unusual 
outlays for self-maintenance, we may expect the periods of 
such outlays to be periods of diminished or arrested repro- 
duction. That they are go the moulting of birds shows ua. 
When hens begin to moult they cease to lay, While thoy 
are expending so much in producing new clothing, they have 
nothing to expend for producing eggs. 





CHAPTER IX. 


COINCIDENCE BETWEEN IIGI NUTRITION AND GRNESIS. 


$352. Unpen this head may be grouped various facts 
which, in another way, tell the same tale as those contained 
in the Inst chapter, ‘The evidence there put together went 
to show that increased cost of self-maintenance entailed de- 
creased power of propagation. ‘The evidence to be set down 
here, will go to show that power of propagation is augmented 
by making self-maintenance unusually easy. For into this 
may be translated the effect of abundant food. 

To put the proposition more specifically—we have seen 
that after individual growth, development, and daily con- 
sumption, have been provided for, the surplus nutriment 
measures the rate of multiplication. ‘This surplus may be 
raised in amount by euch changes in the environment as 
bring « larger supply of the materials or forces on which 
both parental life and the lives of offspring depend. Be 
thore, or be there not, any expenditure, a higher nutrition 
will make possible a greater propagation, We may expect 
this to hold both of agamogenesis and of gamogenesis; and 
we shall find that it does so. 











$353, On multi-axial plants, the primary effect of surplue 

nutriment is a production of large and numerous leaf-shoote. 

How this asexual multiplication results from excessive nutri- 

tion, is well shown when the lending axis, or a chief branch, 

is broken off towards its extremity. ‘The axillary buds below 
tC] 
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the breakage quickly swell and burst into late 
which often put forth secondary shoots: two r 
agamic individuals arise where there probably would. 
been none but for the local abundance of sap, ne 
drawn off. In like manner the abnormal 
we have in proliferous flowers, is habitually accompanied 
a general luxurianee, implying an unusual plethora. Z 
No kess conclusive is the evidence furnished by agamo- 
genesis in animals. Sir John Dalyell, speaking of Mgdro 
tuba, and of the period before strobilization COMMENCES, SUFF 
—“It is singular how much propagation i¢ promoted by 
abundant sustenance.” This Polype goeé on budding-out 
young pelypes from its side:, with « rapidity proportionate 
to the supply of materials. So, too, is it with the 
agamic reproduction of the Aphis. As cited by Profesor 
Huxley, Kyber “states that he ntised viviparous broods of 
both this species (Aphis Dianthi) and A. Rose for four con- 
secutive years, without any intervention of males oF o¥i- 
parous females, and that the cnergy of the power of agamic 
reproduction was at the end of that period undiminished. 
The rapidity of the agamic proliferation throughout the 
whole period was directly proportional to the amount of 
warmth and food supplied.” - 
In these cases the relation is not appreciably complicated 
by expenditure. The parent having reached its limit of 
growth, the absorbed food goes to asexual multiplication: 
scarcely any being deducted for the maintenance nf parental 
life. 


























$354. The sexual multiplication of organisms under 
changed conditions, undergoes variations conforming to a 
parallel law. Cultivated plants and domesticated animals 
Sield us proof of this. 

Facts showing that in cultivate! plants sexual genesis in- 
creases with nutrition, are obscured by facts showing fhat = 
Jess rapid asexual genesis, and an incipient sexual genesis, 
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accompany the fall from a high to a moderate nutrition, The 
confounding of these two relation bas led to mistaken infer- 
ences. When treating of Genesis inductively, we reached the 
generalization that “the produets of a fertilized germ go 
on accumulating by simple growth, so long as the forces 
whence growth results ate greatly in excess of the antagonist 
forces; but that when diminution of the one ect of forecs, or 
increase of the other, causes a considerable decline in this ex- 
cess, and an approach towards equilibrium, fertilized germs 
are again produced.” (§ 78) Tt was pointed out that this 
holds of organisms which multiply by heterogenesis, as well 
as those which multiply by homogenesix, And plants were 
referred to as illustrating, both generally and locally, the 
decline of agamic multiplication and commencement of gamic 
multiplication, along with a lessening rate of nutrition. Now 
the many cases which are given of fruitfulness caused in trees 
by depletion, are really cases of this change from agamo- 
genesis to gamogenesis; and simply go to prove that what 
would naturally arise when decroased peripheral growth had 
followed increased size, may be brought about artificially by 
diminishing the supply of materials for growth. Cramping 
its roots in a pot, or cutting them, or ringing its branches, 
will make a tree bear very early: bringing about a prema- 
ture establishment of that relative innutrition which would 
have spontancously arisen in course of time, Such facts 
by no means show that in plants sexual genesis increases as 
nutrition diminishes, When it has once set in, sexual 
genesis is scanty or imperfect «less nutrition is good. 
Though the starved plant may blossom, yet many of its 
blossoms will fail; and such seeds as it produces will be ill- 
furnished with thore enveloping structures and that etore of 
albumen, &c., needed to give good chances of successful ger- 
mination—the number of surviving offspring will be dimin- 
ished. Were it otherwise, the manuring of fields which are to 
bear seed-crops, would be not simply useless but injurious. 
Were it otherwise, dunging the roots of a fruit-tree would in 


i 
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all cases be impolitic; instead of being impolitic only where 
the growth of sexless axes is still luxuriant. Were it other- 
wise, a tree which has borne a heavy crop should, by the 
consequent depletion, be led to bear a still heavier crop next 
year; whereas it is apt to be wholly or partially barren next 
year—hns to recover a state of tolerably-high nutrition before 
its sexual genesis again becomes large. 

But the best illustrations are yielded by animals—those 
animals at least in which we have, besides an inereased sup- 
ply of nutriment, a diminished expenditure. Two classes of 
comparisons, alike in their implications, may be made— 
comparisons between tame and wild animals of the same 
species or genus, and comparisons between tame animals of 
the same species differently treated. 

To begin with Bird, let us first contrast the farm-yard 
Gallinacew with their kindred of the fields and woods. Not- 
withstanding their greater size, which, other things equal, 
should be accompanied by smaller fertility, the domesticated 
kinds have more numerous offspring than the wild kinds, A 
Turkey has a dozen in a brood, while a Pheasant has from 6 
to 10. Twice or thrice in a season, a Hen reara ag many 
chickens as o Partridge reare once in a season. Anserine 
birds show us parallel differences. The Tame Goose sits on 
13 to 18 eggs and often sits a second time; but the Wild 
Goose sits on 5, 6, or 7, and these are noted as considerably 

Ii is the same with Ducks, The domesticated 
lays and hatches twice as many eggs as the wild 

And the like holds of Pigeons. After remarking 
of the Columba livia that “in spring when they have plenty 
of corn to pick from the newly-sown fields, they begin fo 
get fat and pair; and again in harvest, when the corn is eut 
down,” Macgillivray goes on to say that “ the same pair when 
famed generally breed four times” in the year. 
between different poultry-yards inequalities of fertility are 
caused by inequalities in the supplies of food, is a familiar 
truth. High feeding shows its effects not only in the eon- 
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tinuous laying, but also in the sizes of the eggs. Among 
directions given for obtaining eggs from pullets late in the 
year, it is especially insisted on that they shall have a 
generous diet. Respecting Pigeons Macgillivray writes:— 
“ that their breeding depends much on their having plenty of 
food to fatten them, seems, I think, evident from the eireum- 
etance that, when tamed, which they easily are, they are 
observed to breed in every month of the year. I do not mean 
that the same pair will breed every month; but some in the 
flock, if woll fed, will bred at any season ‘There may 
be added a fact of like meaning which partially-domesticated 
birds yield. The Sparrow is one of the Finch tribe that has 
taken to the neighbourhood of houses; and by its boldness 
secures food not avilable to its congeners. The result is 
that it has several broods in a season, while its field-haunting 
kindred have none of them more than two broods, and some 
have only one. 

Equally clear proof that abundant mutriment raises the 
rate of multiplication, occurs among Mammals, Compare the 
litters of the Dog with the litters of the Wolf and the Fox. 
Whereas those of the one range in number from 6 to 14, those 
of the others contain respectively 5 or 6 or occasionally 7, and 
4or Sor rarely 6. Agnin, the Wild Cat has 4 or 5 kittens; 
but the tame Cat has & or 6 kittens 2 or 3 times a-year. 
So, too, is it with the Weasel tribe. The Stoat has 5 young 
‘ones once a-year, ‘The Ferret has 2 litters yearly, each con- 
taining from 6 to 9; and this notwithstanding that it is the 
larger of the two. Perhaps the most striking contrast is that 
between the wild and tame varieties of the Pig. While the 
one produces, according to its age, from 4 to 8 or 10 young 
ones once a year, the other produces sometimes a3 many as 17 
in a litter; or, in other cases, will bring up 5 litters of 10 each 
in two years—a rato of reproduction which is unparalleled 
in animals of as large a size.* And let us not omit to note 
that this excessive fertility oceurs where there is the 


* The climate, the locality, and the kind of food, are of course all factors; 
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greatest inactivity—where there is plenty to eat and nothing 
to do. ‘There is no less distinct evidence that among 
domesticated Mammals themselves, the well-fed individuals 
are more prolific than the ill-fed individuals, On the high 
and compuratively-infertile Cotawolds, it is unusual for 
ewes to have twins; but they very commonly have twins 
in the adjacent rick valley of the Se Similarly, among 
the barren hills of the west of Scotland, two lambs will be 
borne by about one ewe in twenty; whereas in England, 
something like one ewe in three will bear two lambs. Nay, 
in rich pastures, twine are more frequent than single births; 
and it occasionally happens that, after a genial autumn and 
consequent good grazing, a flock of ewes will next spring 
yield double their number of lambs—the triplets balancing 
the unipane. So direct is this relation, that I have heard a 
farmer assert his ability to foretell, from the high, mediam, 
or low, condition of an ewe in the autumn, whether she will 
next spring bear two, or one, or none, 








I 








$355. An objection must here be met. Many facts may 
be brought to prove that fatness is not accompanied by ferti- 
lity but by barrenness; and the inference drawn is that high 
feeding is unfavourable to genesis. The premise may be 
admitted while the conclusion is denied. 

‘There is a distinction between what may be called normal 
plethora, and an abnormal plethora, liable to be confounded 
with it, The one is a mark of constitutional wealth; but the 
other is a mark of constitutional poverty. Normal plethora 
ie a superfluity of materials both for the building up of 


and hence, probably, the differences between the statements of different au- 
thorities concerning these several cases Prof, MucBride writes =— 

“According to Flower (Mammals, Living and Kstinet) the Ferret is a 
domesticated variety of the commen polecat, which has 3 to 8 young, Thar- 
win (Animate and Plants) ays that the wild sow often breeds twice a year 
and produces a litter of 4 to K, and sometimes eren 1%. ‘The domestic’ sow 
breeds twice and sould Wood oftener if permitted, and if any good at all prow 
duces 8 in litter," 
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tissue and the evolution of force; and this is the plethora 
which we have found to be associated with unusual fecundity. 
Abnormal plethora which, as truly alleged, is accompanied 
hy infecundity, is a superfluity of forceevolving materials 
joined with either a positive or a relative deficiency of tissue- 
forming materials; the increased bulk indicating this state, 
being really the bulk of eo much inert or dead matter, Note, 
first, a fow of the facts which show us that obesity implies 
physiological impoverishment. 

Neither in brutes nor men does it ordinarily oeeur either 
in youth or in that carly maturity during which the vigour 
is the greatest and the digestion the best: it does not 
habitually accompany the highest power of taking up mutri- 
tive materials. When fatness arises in tho prime of life, 
whether from peculiarity of food. or other circumstance, it is 
not the sign of an increased total vitality. On the contrary, 
if great muscular action has to be gone through, the fut 
must be got rid of; either, a8 in a man, by training, or as in 
a horse that has grown bulky while out at grass, by putting 
him on such more nutritive diot as oats. ‘The frequency 
of senile fatness, both in domesticated creatures and in our- 
selves, has a similar implication. Whether we consider the 
smaller ability of those who display it to withstand large 
demands on their powers, or whether we consider the com- 
paratively-inferior digestion common among them, we see 
that the increased size indicates, not an abundance of mate- 
rials which the organism requires, but an abundance of 
materials which it does not require. Of like meaning 
is the fact that women who have had several children, and 
animals after they have gone on bearing young for some 
time, frequently become fat; and lose their fecundity as 
they do this. In such cases the fatness ie not to be taken 
as the cause of the infecundity; but the constitutional 
exhaustion which the previous production of offspring has 
left, shows itself at once in the ng fecundity and the 
commencing fatness. There is yet another kind of evi- 
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dence. Obesity not uncommonly sets in after the eystem has 
been subject to debilitating influences. Often a serious illness 
is followed by a corpulenee to which there was previously 
no tendency, And the prolonged administration of mereury, 
constitutionally injurious as it is, sometimes produces a tike 
effect. 

Closer inquiry verifies the conclusion to which these facts 
point. The microscope shows that along with the inerease of 
bulk common in advanced life, there goes on what ig ealled 
“ fatty degeneration: ” oil-lobules are deposited where there 
should be particles of flesh—or rather, we may say, the 
hydrocarbonaccous molecules locally produced by decom- 
position of the nitrogenous molecules, have not been replaced 
by other nitrogenous molecules, as they should have been, 
This fatty degeneration is; indeed, a kind of local death 
For so regarding it we have not simply the reason that an 
substance has its place occupied by an inert substance; 
have the further reason that the flesh of dead bodies, 
under certain conditions, is transformed into a fatty matter 
called adipocere 

The infertility that accompanies fatness in domestic 
animals has, howeyer, other causes than that declining con- 
stitutional vigour which the fatness commonly indicates, 
Bein, ficially fed, these animals cannot always obtain 
what their eystems need. That which is given to them ia 
given expressly because of its fattening quality. And since 
the capacity of the digestive apparatus remains the same, 
the absorption of fat-producing materials in excess, implies 
defect in the absorption of materials from which the 
tissues are formed, and out of which young ones are built 
up. Morcover, this. special fecding with a yiew 
to mpid nnd eurly fattening, continued as it is through 
generations, and accompanied as it is by a selection of indie 
viduals and varieties which fatten most readily, tends to 
establish a modified constitution, more fitted for producing 
fat and correspondingly-lese fitted for producing flesh—a 
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constitution which, from this relatively-deficient absorption 
of nitrogenous matters, is likely to become infertile; as, in- 
deed, these varicties often do become. Henee, no con- 
clusions respecting the effects of high nutrition, properly 8o 
called, can be drawn from cases of this kind. The cases are, 
in truth, of a kind which could not exist but for human 
agency. Under natural conditions no animal would diet 
itself in the way required to produce such results, And if it 
did its race would quickly disappear.* 

‘There is yet another modi which accumulation of fat 
diminishes fertility, Even supposing it unaccompanied by 
a smaller absorption of nitrogenous materials, it is still a 
cause of lessening the surplus of nitrogenous materials, For 
the repair of.the motor tissues becomes more costly. Fat 
stored-up is weight to be carried. A creature loaded with 
inert matter must, other things equal, consume a greater 
amount of tissue-forming substances for keeping its loco- 
motive apparatus in order; and thus expending more for self- 
maintenance can expend less for race-maintenance, Abnormal 
plethora is thus antagonistic to reproduction in a double way. 
Tt ordinarily implies a smaller absorption of tissue-forming 
matters, and an increaéed demand on the diminished supply. 
Hence fertility decreases in a geometrical progression. 

‘The counter-conclusion drawn from facts of this class is, 
then, due to a misconception of their nature—a misconception 

* [Lis worth while inquiring whether unfitnens of the food given to them, 
In not the chief ewise of that sterility which, as Mr, Darwin anys, “is the 
‘great bar to tho domestication of animals.” Io remarks that “ when animals 
and plants are removed from thelr natural conditions, they are extremoly 
iable to have their reproductive aystoms acriously affected.” Possibly the 
relative oF absolute arrest of genovis, i lose dae to a direct effect on the 
reproductive system, than to a changed nutrition of which the reproductive 
‘syatem most clearly shows the resulta. The matters required for forming an 
embryo are in a groater proportion nitrogenous than are the matters required 
for maintaining an adult, Hence, an aniwal forced to live on insufficiently. 
nitrogenized food, may have its surplus for reproduction cut off, but aifll have 
‘a mifficioncy to koop ite own tissues ia repair, and appear to be in good heolth 
—tesnwhile increasing in bulk from excess of the non-nitregenous matters: 
At eves 
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arising partly from the circumstance that the increase of bulk 
produced by fat is somewhat like the increase of bulk which 
growth of tissues causes, and partly from the circumstance 
that abundance of good food normally produces a certain 
quantity of fat, which, within narrow limits, is a waluable 
store of force-evolying material. When, howeyer, we limit 
the phrase high nutrition to ita proper meaning—an abun~ 
dance of, and due proportion among, all the eubstances whiel 
the organizm needs—we find that, other things equal, fertility 
always increases ag nutrition increases. And wo soo that these 
apparently-exeeptional caxex, are eases which really show us 
the same thing; since they are cases of relative innutrition. 


[Norz.—By a atrange oversight when writing this chapter 
in the first edition—an oversight I was on the eve of repeat- 
ing in this present edition—I omitted to bring forward the 
familiar and all-important evidence furnished by the yaria- 
tions of genesis which ordinarily accompany the alternations 
of the seasons. These variations, in multitudinous creatures 
of all types, show unmistakably that reproduction begins at 
those times of the year when greater warmth and larger 
supplies of food render maintenance of individual life 
relutively easy, and when there is therefore a surplus avail 
able for producing new individuals, Conversely, along 
with the decrease of heat and the relative deficiency of food 
which make it comparatively difficult in winter to maintain 
individual life, there ceases to be the power of producing 
other lives: the reproductive organs become quiescent and 
often dwindle. With this general fuct is associated a special 
fact. Though among wild animals—birds, mammals, 
others—breeding ceases when Nature no longer supplies 
abundant food and warmth; in domesticated mammals and 
birds, artificially supplied with food and warmth, the breed- 
ing season is greatly extended and often made continuous, 
as, under the same conditions, it is in Man himself. 

Evidence yielded by the vegetal world is less conspicuous, 
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for the reason that the cold which arrests reproductive 
activity also arrests individual activity: growth of the indi- 
vidual und multiplication of the race vary simultaneously 
with variations in the seasons, Still there are some familiar 
facts showing that the external conditions which favour 
nutrition also bring about reproduction. Karly in the year 
we are supplied with flowors from regions warmer than our 
own, and by and by there come to our markets fruits and 
vegetables from the south of France, the Channel Tslands, 
and even from the Seilly Isles, which are much in advance 
of those furnished by the gardens of our own colder regions; 
mproduction commences earlier where the light and heat 
furthering nutrition are greater, And then there ia a 
kindred meaning in the not unfrequent occurrence of a see- 
ond flowering and even of a second fruiting in warm, bright 
and prolonged autumns. Here the abnormal recommence- 
ment of reproduction is determined by an abnormal increase 
of nutrition.] 
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§ 956. 'Trsrs of the general doctrines set forth in preced- 
ing chapters, are afforded by organisms having modes of life 
which diverge widely from ordinary modes. Here, as elae- 
where, aberrant cases yield crucial proofs. 

If certain organisms are so circumstanced that highly- 
nutritive matter is supplied to them without stint, and they 
have nothing to do but absorb it, we may infer that their 
powers of propagation will be enormous. 

If there are classes of ereatures which expend very little 
-cupport in comparison with allied creatures, a rela- 
tively-extrome prolifieness may be expected of them. 

Or if, again, we find species presenting the peculiarity 
that while some of their individuals have much to do and 
little to eat, others of their individuals have much to eat and 
little to do, we may look for great fertility in these last and 
comparative infertility or barrenness in the first. 

‘These several anticipations we shall find completely 
verified 
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§ 357. Plants which, like the Rafflesiacea, carry their para- 
sitism to the extent of living on the juices they absorb from 
other plants, exhibit one of these relations in the vegetal 
kingdom. In thom the organs for self-support being need- 
less, are rudimentary; and the parta directly or indirectly 
ncerned in the production and distribution of germs, con- 
stitute the mass of the organism, That small ratio whieh 
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the race-preserving structures bear to the self-preserving 
structures in ordinary Phwnogams, is, in these Phanogams, 
inverted. A like relation occurs in the common Dodder, 
‘There may be added a kindred piece of evidence which the 
Fungi present, Those of them which grow on living plants, 
repeat the above connection completely; und those of them 
which, though not parasitic, nevertheless subsist on organized 
materials previously elaborated by other plants, substantially 
repeat it, The spore-producing part is relatively enormous; 
and the fertility ig far greater than that of Cryptogame of 
like sizes, which have to form for themselves the organic 
compounds of which they and their germs consist. 


$358. The same lesson is taught us by animal-parasites, 
Along with the decreased cost of Individuation, they similarly 
show us an increased expenditure for Genesis ; and they show 
us this in the most striking manner where the deviation from 
ordinary conditions of life ix the greatest, 

Take, among the Epizoa, such an instance as Chondracan- 
Uus gibbosus. Belonging to the Entomostraca, both males 
and females of this species are, in their early days, similar to 
their allies ; and the males, practically parasitic, though they 
become greatly degraded, continue throughout life to show 
by their segmentation and other external traits their original 
nature, The female, however, having fixed herself where 
she can suck the juices of her host, the Lophius, grows to 
twelve times the length of the male and probably a thousand 
times its bulk, and becomes utterly transformed by loss of 
the organs of animal life and enormous development of the 
organs of reproduction. “No heart is diseoverable, and the 
nervous system and organs of sense (if any) are equally un- 
distinguishable. The interspace between the alimentary 
canal and the walls of the body is almost wholly occupied 
by the ovarium.”* And then beyond this there are ap- 
pended ovi-sacs twice the length of the body. So that the 


# Huxley, Anatomy of Inveriebrated Animals, p. 274. 
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germ-producing organs and their contents, eventually 
acquire a total bulk many times that of all the other organs 
put together. Numerous species of this type and habit, 
repeat this relation between a life of inaction with high 
feeding, and un enormous rate of genesis, Parasites belong- 
ing to another great division of the animal kingdom, the 
Platyhelminthes, supply an example of an epizoon in whieh 
the rate of multiplication is made great not so much by 
immense development of the egg-producing organs as by 
the rapidity with which generations succeed one another—a 
rapidity euch that each generation partially develops the 
next before it is itself anything like ready for independent 
life. This ix the Gyrodactylus elegans, of which it is said 
that “its most remarkuble feature is that it is vivipnrous, 
and its embryos before they leave the body of their mother 
have already developed their embryos inside them; and the 
latter may contain their embryos, so that four generations 
may be included under the cuticle of the sexually mature 
animal.” * 

Entozoa yield us many examples of this causal relation, 
taised to a still higher degree. The Gordius, or Hair-worm, 
is a creature wl finding its way when young into the 
body of an insect which is afterwards swallowed by a fish, 
there grows mpidly, and then emerging to breed, lays aa 
many as 8,000,000 eggs in less than a day. Similarly with 
those larger types infesting the higher animals, Tt has been 
calculated by Dr. Eschricht, as quoted by Professor Owen, 
that there are “64,000,000 of ova in the mature female 
Ascaris lumbricoides.” Very many of tho Entozoa belong to 
the Platyhelminthes, and among them oceur examples of for- 
tility caused not only by great numbers of ova, but by rapid 
succession of parti y-developed individuals and also exam- 
ples of fertility caused by production of ova almost exeeeding 
numeration, Among the first the Liver-fluke may be named, 
Of the half-million eggs it produces cach yields a free-swim- 


* Shipley, Zoology of Invertebrata, p. 112. 
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ming ciliated embryo, and any one of these, which finds its 
way into a water-snail, becomes a sporocyst—a bag, presently 
occupied exclusively by masses of cells: each mass by and 
by becoming a Redia, which makes its way out, Like all 
its fellows which develop in succession, this, with the excep- 
tion of a small space occupied by the stomach, devotes the 
whole of its interior partly to the formation of other Redia 
(which presently escape and become similarly transformed), 
and partly to the development of Cerearia, into which the 
internal substance of all the Rediar is eventually transformed : 
Cercarie which, escaping from the host, become agents for 
infecting other creatures. So that each ovum thus gives 
rise to a number of forms which severally subserye multi- 
plication in different ways. Of the other division of Platy- 
helminthes reforred to ax carrying on its multiplication by 
production of ova only, the commonest of the Cestoidea 
furnishes the best example. Immersed as'a Tape-worm is in 
nutritive liquid, which it absorbs through its integument, it 
requires no digestive apparatus. The room which one would 
occupy, and the materials it would use up, are therefore ayail- 
able for germ-producing organs, which nearly fill each seg- 
ment: each segment, sexually complete in itself, is little else 
than an enormous reproductive «ystem, with just enough of 
other structures to bind it together, Remembering that the 
Tape-worm, retaining its hold, continues to bud-out such 
segments as fast aa the fully-developed ones are cast off, and 
gocs on doing this as long as the infested individual lives; 
we seo that here, where there is no expenditure, where the 
cost of individuation is reduced to the greatest extent while 
the nutrition is the highest possible, the degree of fertility 
reaches its extreme. ‘These Fnforoa yield us further 
interesting evidence. Of their various species, most if not 
all undergo passive migration from animal to animal before 
they become mature. Usually, the form assumed in the body 
of the first hoxt is devoid of all that part in which the repro- 
ductive structures take their rise; and this part grows and 
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develops reproductive structures, only in some predatory 
animal to which its first host falls a sacrifice. Occasionally, 
however, the egg gives origin to the sexual form in the 
animal that originally swallowed it, but the development 
Temains incompleto—there is no sexual genesis, no formation 
of eggs in the rudimentary segments. ‘That these may 
become fertile it is needful, as before, for the containing 
animal to be devoured; eo that the imperfect Tape-worm 
may find its way into the intestine of a higher animal. 
Thus the Bothriocephalus solidus, found in the abdominal 
eavity of the Stickleback, is barren while it remains there; 
but if the Stickleback be eaten by a Water-fowl, the re- 
productive system of the transferred Bothriocephalus (then 
known as B. nodosus) becomes developed and active. So, too, 
a kind of Tape-worm which remains infertile while in the 
intestine of a Mouse, becomes fertile in the intestine of a Cat 
that devours the mouse. May we not regard these facts as 
again showing the dependence of fertility on nutrition? 
Barrenness here accompanies conditions unfavourable to the 
absorption of nutriment; and it gives way to fecundity where 
nutriment is large in quantity and superior in quality, 


§359, Extremely significant are those cases of partial 
reversion to primitive forms of genesis, which occur under 
special conditions in some of the higher Annulosa, 1 refer 
to the pseudo-parthenogenesis and metagenesis in Insects, 

Under what conditions do the Aphides exhibit this strange 
deviation from the habits of their order? Why among them 
should imperfect females produce, agamically, others like 
themselves, generation after generation, with great rapidity? 
There is the obvious explanation that they get plenty of 
casily-assimilated food without exertion. Piercing the tender 
coats of young shoots, they sit and suck—appropriating the 
nitrogenous clements of the sap and ejecting its saccha- 
rine matter as “honey dew." Along with a sluggishness 
strongly contrasted with the activity of most insects—along 
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with a very low rate of consumption and a correlative degra- 
dation of structure; we have here a retrogression to asexual 
genesis, and a greatly-inerensed rate of multiplication. 

‘The recently discovered instance of internal metagenesis 
in the maggots of certain Flies hax a like meaning. Tn- 
credible as it at first seemed to naturalists, it is now proved 
that the Cecydomia-larva develops in its interior a brood of 
larve of like structure with itself. In this caso, as in the 
last, abundant food is combined with low expenditure, These 
larve are found in such habitats as the refuse of bect-root- 
sugar factories—masses of nitrogenous débris remaining after 
the extraction of the saccharine matter. Each larva has a 
practically-unlimited supply of sustenance imbedding it on 
all sides.* . 

It is true that some other maggots, as those of the Flesh- 
fly, are similarly, or still better, cireumstanced; and, it may 
be said, ought therefore to have the same habit. But this 
does not necessarily follow. Survival of the fittest will 
determine whether such specially-favourable conditions result 
in aggrandizoment of the individual or in multiplication 
of the race. And in the case of the Flesh-fly there is a 
reason why greater individuation rather than more rapid 
genesis will occur. For a decomposing animal body lasts so 
short a time, that were Plesh-fly larve to multiply agamically, 
the second generation would dic from the disappearance of 
their food, Hence individuals in which the excessive 
nutrition lod to internal metagenesis, would leave no pos- 
terity, and natural sclection would establizh the variety in 

* Tam told that “ Wagner, who described the larva, found thet it bored 
into the bark of trees It attacks also the wheat plant, and is a moat 
dostructive parnsite.” Apparently thie ptatomont ix at variance with the 
foregoing inference. It is clear, howevor, that since these heaps of nitro 
genous refuse In which It bas been foand are artificial and recent, they ean. 
not belts natural babitate; and it seems not improbable that these Iarew, 
suddealy supplied with a more nutritive food in utlimited amount, way have 
‘as a consequence acquired this habit of agamogenetic multiptication which 


did not characterize the specics under its natural conditions and relatively low 
nutrition, 
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which greater growth resulted. All which the argument 
requires is that when such reversion to agamogenesis does 
take place, it shall be where the food is unusually abundant 
and the expenditure unusually small; and this the cases 
instanced go to show. 


$360, 'The physiological leeson taught us by Bees and 
Anta, not quite harmonizing with the moral lesson they are 
supposed to teach, ia that highly-fed idleness is favourable to 
fertility, and that excessive industry has barrenness for ite 
concomitant. 

The egg of a Bee develops into a small barren female or 
into a large fertile female, according to the supply of food 
given to the larva hatched from it. We here ace that the 
germ-producing action is an overflow of the surplus remain- 
ing after completion of the individual; and that the lower 
feeding which the larva of a working Bee has, results in a 
dwarfing of the adult and an arrested development of the 
generative organs, Further, we have the fact that the con- 
dition under which the perfect female, or mother-Bee, goes 
on, unlike insects in general, laying eggs continuously, is 
that she has plenty of food brought to her, is kept warm, and 
goes through no considerable exertion, While, contrariwise, 
it is to be noted that the infertility of the workers is asso- 
ciated with the ceaseless labour of bringing materials for the 
combs and building them, as well as the labour of feeding 
the queen, the larvee, and themselves. 

Ants also chow us these relations, and they are shown in a 
greatly exaggerated form by what are called white ants— 
insects belonging to a quite different order. ‘The contrast 
in bulk between the fecund and infecund females is here 
immensely greater, ‘The mother-Ant has the reproductive 
system #0 enormously developed, that the remainder of her 
body is relatively insignificant. Entirely inenpable of loco- 
motion, she is unable to deposit her eggs in the places where 
they are to be hatched ; so that they have to be earried away 
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by the workers as fast as they are extruded, Her life is thus 
reduced substantially to that of a parasite—an absorption of 
abundant food supplied gratis, a total absence of expendi- 
tur, and n consequent excessive rate of genesis. “The 
queen-unt of the African Termites luys 80,000 eggs in twenty- 
four hours.” 


$361. It may be needful to say that these exceptional 
relations cannot be ascribed to the assigned causes acting 
alone. The extreme fertility which, among parasites and 
social inseets, accompanies extremely high feeding and an 
expenditure reduced nearly to zero, presupposes typical struc- 
tures and tendencies of suitable kinds; and these are not 
alirectly accounted for. On creatures otherwise organized, 
unlimited supplies of food and total inactivity are not fol- 
lowed by such results. There of course requires a consti- 
tution fitted to the special conditions, and the evolution of 
this cannot be due simply to plethora joined with rest, ‘These 
cases are given as illustrating the conditions under which 
extreme exaltations of fertility become possible. Their mean- 
ings, thua limited, are clear, and completely to the point. We 
see in them that the devotion of nutriment to race-prese: 
tion, ix carried furthest where the cost of self-preservation 
is reduced to a minimum; and, conversely, that nothing is 
devoted dircetly to race-preservation by individuals on which 
falls an excessive expenditure for self-preservation and pre- 
vervation of other’s offspring, 











[Nore.—Among specialities of these relations may be fitly 
added herv a very strange one, for a description of which 1 
am indebted to M. Charles Julin, Professor of Comparative 
Anatomy in the University of Ligge, In the Revwe Générale 
des Sciences for 30th August, 1894, in an account of certain 
investigations of M. Giard, ho deseribes what he enlls “la 
castration parasitaire"—a castration not of a literal kind 
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but one effected by the arrest of development which follows 
from the depletion caused by a parasite. "The Sacculina is 

an amazingly trinsformed type belonging to the Cirrhipedia 
—a type without segments or appendages and withont mouth 
and alimentary canal, Fixing itself, during its carly loo- 
motive stage, under the abdomen of a decapodous eruztacean, 
and leaving behind its exo-skeleton, it makes its way into 
the interior, and there becoming a mere bag containing the 
reproductive organs, obtains the needful nutriment by de 
veloping what are practically roots and rootlets which rum 
everywhere among the viscera and absorb nutriment from 
the surrounding tissues, Here we are concerned merely 
with the effect produced upon the host by this physiological 
robbery. This effect is to arrest the development not only 
of the primary sexual organs devoted to the production of 
germs, but also of those secondary sexual organs which char- 
acterize the male. M. Julin writes 








“Tl convient cependant de dire, pour Atre plus exact, que, dane 
Joa cas des Crabos infestés par des Sacculines, il n'y a pas, en réalité, 
apparition de caractéres femelles chez le sexe mile, mais 
absonce de développement des caractires miles. En fait, animal 
reste dun stade jeune, non différencié sexnellement, tout en prenant 
uno taille plus considérable. Cela nous porte A attribuer les modi- 
fications dont nous avons parlé dun simple urrbt de développement, 
qui est plus sensible chez le male, parce que chez ful les eametires 
sexuels secondaires sont A l'état normal plus développés que cher Ia 
femelle. 

D'une manitre générale, nous croyons, avec M. Glard, qu'il faut 
asaimiler les modifications dues 1a castration parnsitaire & celles qui 
sout Ic résultat de In progentse ou qui engendrent Je dimorphisme 
saisonnicr. 

Tl y & progenéss loraque, chez un animal, ln reproduction sexuée 
Sopire d'une fagon plux ou mains précoce, c’est-6-dire Toreque les 
produits sexuels (wufe ou spermntozoldes) se forment ct morissent 
avant que W'étre n'ait alteint son complet développement. On peut 
citer comme exemples les Axolotls et les larves de Tritons qui, les une 
normalement, les sutres accidentellement, pondent en ayant encore 
leurs branchirs, 

‘Trés souvent la progentse n'affecte qu'un seul sexe, TantOt, ces 
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Je sexe femelle qui mitrit A Iétat farvalre comme chez Irs pucerons, 
Ios Stylops, oto... Tuntdt cost le eoxe mille, comme chez In Bonellic, les 
miles complémentatres de Cirripédes, les méiles pyygméos des Rotiferes, 
Je mile do I'Anguille, etc, D'sutres fois, enfin, animal présente 
successivement les deux sexes avec progonése pour l'un d'entre eux. 
C'est ainsi qu'il y a progeniee prolandrigue chor los Crustachs esmo- 
thoadiens, et, parmi les Vertébrés, chez Tes Myxines, qui, miles dans 
Je jeune Age, deviennent femetles en vieillissant ot en achovant de 
prendre leur développement. Le ons des vieilles femelles de Galli- 
nacés & plumage et 4 instincts masculins semble Gtre, au contraire, un 
exemple imparfait de progendse protogynique, pulaque cca femelles ont 
ponda loraqu’elles avaient encore Ia livrée des jeunes et qu’elles ont 
continué plus tard leur développement, et présentent Ie earactére des 
miles sans que, cependant, I'on alt constaté Ia production de sper 
matozoldes, 

Dans les cas extrémes de progente femelle, In reproduction se fait 
méme sans lo concours de élément mille, rovenant ainsi d In forme 
agamique primordial. Ces cas sont eonnus depuls longtemps sous te 
nom de pédogenéss. On les a observé chez les larves de Miastor, do 
Chironomus et cher certains pucerons, 

Chaque fois qu'il y a progendse dang un type détorming, on cone 
tate soit momentanément, soit d'une fagon définitive, un arrht de 
croissance ct de développement: Vanimal progéndtique a, par suite, 
Yaspect d'une lurve sexude, lorsqu'on Ie compare soit A autre sexe, 
soit sux formes voivines, qui ne présentent pas le phénoméne de la 

Wem, 

Cola ost en parfaite harmonic avo le principe, st bien mia en 
Jumidre par Herbert Spencer, de Cuntayonieme entre la genése ot la 
croissance et entre la genie ot le déceloppement, Cet antagoniame 
sexplique facilement si 'on songe que les matériaux employés pour 
In reproduction ne peuvent servir A I'uceroissement de Vindivida, 
8'll ext avantageux pour un organieme de se reproduire sans acquérie 
des organes inutiles, Ia sélection naturelle déterminera bientdt une 
progendse de plus en plus compléte, Les animaux parasites, outre 
quills tirent de leur hte une nourriture abondante, n'ont gudre besoin 
dune foule d'organes qui rervent & leurs congénires libres dans In 
vie de relation, Ausel voyons-nous qu'un tris grand nombre d'ani- 
maux parasites sont progénétiques. Les miles progénétiques de la 
Bonellie et des Cirriptdes vivent en parasites dans leurs femetlon. 
Chez certains types, lex pucerons, ta progentwe ceawe dds que. In 
nourriture devenant moins abondante, un déplacement pourra étre 


nécomaire, 
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En résumé, Varrdt de développement dA a Ia progendee résulte 
d'une dérivation des principes novrriciers au détriment de l’animal 
progénétique. Dans les exemples de castration parasitaire que nous 
avons examinés, lc parasite joue, par rapport & son hdte, abeolument 
Je méme réle que la glande génitale d’un type progénétique. Il 
détourne, pour sa propre subsistance, une partie des principes qui 
auraient servi au développement de l'animal. Aussi les effets produits 
sont-ils tout fait de méme ordre.” : 


‘A phenomenon so anomalous as this, explicable upon the 
hypothesis set forth but not otherwise explicable, furnishes 
striking verification.] 





CHAPTER XT. 


INTEUPRETATION AND QUALIVICATION. 


$362. Consrpentno the difficulties of inductive verifica~ 
tion, we have, I think, as clear a correspondence between the 
a priori and @ posterior’ conclusions, ag can be expected, The 
many factors co-operating to bring about the result in every 
case, are so variable in their absolute and relative amounts, 
that we can rarely disentangle the effect of each one, and 
have usually to be content with qualified inferences. Though 
in the masa organisma show us an unmistakable relation 
between great size and small fertility, yet special eompari- 
sons among them are nearly always partially vitiated by 
differences of structure, differences of nutrition, differences of 
expenditure, Though i ‘yond question that the more 
complex organisms are the leas prolific, yet as complexity 
has a certain general connexion with bulk, and in animals 
with expenditure, we cannot often identify its reeylts as inde- 
pendent of these. And, similarly, though the creatures whieh 
waste much matter in producing motion, sensible and insen- 
sible, have lower rates of multiplication than those which 
waste less, yet, as the creatures which waste much are 
generally larger and more complex, we are again met by an 
obstacle which limits our comparisons, and compels us to 
accept conclusions less definite than are desirable, 

Such difficulties arise, however, only when we endeavour, 
ax in foregoing chapters, to prove the inverse varintion 

407 
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between Genesis and each separate clement of Tndividuation 
—growth, development, activity. We are seareely at all 
hampered by qualifications when, from contemplating these, 
special relations, we return to the general relation. The 
antagonism between Individuation and Genesis is shown by 
all the facts which have been grouped under each head. We 
have seen that in ascending from the lowest to the highest 
types, there is a decrease of fertility so great as to be abso- 
lutely inconceivable, and even inexpressible by figures; and 
whether the superiority of type consists in relative largencss, 
in greater complesity, in higher activity, or in some or all of 
these combined, matters not to the ultimate inference. The 
broad fact, enough for us here, is that organisms in whieh 
the integration and differentiation of matter and motion have 
been carried furthest, are those in which the rate of multipli- 
cation has fallen lowest. How much of the decline of repro- 
ductive power is due to the greater integration of matter, 
how much to its greater differentiation, how much to the 
larger amounts of integrated and differentiated motions gene 
rated, it may be impossible to say; and it is not needful to 
say. These are all elements of a higher degree of life, an 
augmented ability to maintain the organic equilibriam amid 
enyironing actions, an increased power of self-preserration; 
and we find their invariable accompaniment to be, a dimi- 
nished expenditure of matter, or motion, or both, in race 
preservation, 

Tn brief, then, examination of the evidence aie that 
there docs exist that relation which we inferred must exist. 
Arguing from general data, we saw that for the maintenance 

f a species, the ability to produce offspring must he great, 
in proportion as the ability of the individuals to contend with 
destroying forces is small; and conver Arguing from 
other general data, we aw that, derived as the self-sustain« 
ing and race-sustaining forces are from a common stock of 
force, it necessarily happens that, other things equal, increase 
of one involves decrease of the other, And then, turning 
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to special facts, we have found that this inverse variation is 
clearly traceable throughout both the animal and vegetal 
Kingdoms. We may therefore set it down as a law, that 
every higher degree of organic evolution, has for its concomi- 
tant a lower degree of that peculiar organic dissolution which 
is seen in the production of new organisms. 


§ 363. Something remains to be said in reply to the in- 
quiry—how is the ratio between Individuation and Genesis 
established in each case? This inquiry has been but partially 
answered in the course of the foregoing argument. 

Many specialities of the reproductive proceas are mani- 
festly due to the natural selection of favourable variations. 
Whether a creature lays a few large eggs or many small ones 
equal in weight to the few large, is not determined by any 
physiological necessity: here the only assignable canse is the 
survival of varieties in which the matter devoted to repro- 
duction happens to be divided into portions of such size and 
number as most to favour multiplication, Whether in any 
case there are frequent small broods or larger broods at 
longer intervals, depends wholly on the constitutional pecu- 
liarity that has arisen from the dying out of families in 
which the sizes and intervals of the broods were least suited 
to the conditions of life. Whether a species of animal pro- 
ducos many offspring of which it takes no care or a fow of 
which it takes much care—that is, whether ite reproductive 
surplus is laid out wholly in germs or partly in germs and 
partly in Jabour on their behalf—must have been decided by 
that moulding of constitution to conditions slowly effected 
through the more frequent preservation of descendants from 
those whose reproductive habits were best adapted to the 
circumstances of the epecies. Given a certain surplus ayail- 
able for race-preservation, and it is clear that by Indirect 
equilibration only, can there be established the more or 
lest peculiar diMtribution of this surplus which we see in 
each case. ‘Obviously, too, survival of the fittest 
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has a share in determining the proportion between the 
amount of matter that goes to Individuation and the amount 
that goes to Genesis, Whether the interests of the species 
are most subseryed by a higher evolution of the individual 
joined with a diminished fertility, or by a lower evolution of 
the individual joined with an increased fertility, are ques- 
tions ever being experimentally answered. If the mor- 
developed and les-prolific variety has a greater number of 
survivors, it becomes established and predominant, Tf, con- 
trariwise, the conditions of life being simple, the larger or 
more-organized individuals gain nothing by their greater size 
or better organization; then tho greater fertility of the less 
evolved ones, will insure to their descendants an inereasing 
predominance. 

But direct equilibration all along maintains the limits 
within which indirect equilibration thus works. The 
necessary antagonism we have traced, rigidly restricts the 
changes that natural selection can produce, under given com- 
ditions, in either direction. A greater demand for Individua- 
tion, be it a demand ca by some spontaneous variation oF 
hy an adaptive increase of structure and function, inevitably 
diminishes the supply for Genesis; and natural selection 
cannot, other things remaining the same, restore the rate of 
Genesis while the higher Individuation is maintained. Con- 
versely, survival of the fittest, acting on a species that hig, 
by spontaneous variation or otherwise, become more prolific, 
cannot again raise its lowered Individuation, so long as every- 
thing else continues constant. 





















$364. Here, however, a qualification must be made. Tt 
was parenthetically remarked in § 327, that the Inverse varia- 
tion between Tndividuation and Genesis is not exact; and it 
was hinted that a slight modification of statement would be 
requisite at a more advanced stage of the argument. We 
have now reached the proper place for specifying this modi- 
fication. 
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Each inerement of evolution entails a decrement of repro- 
duction which is not accurately proportionate, but somewhat 
Jess than proportionate. The gain in the one direction is not 
wholly cancelled by a loss in the other direction, but only 
partially cancelled : leaving a margin of profit to the species, 
‘Though augmented power of xelf-maintenance habitually 
necessitates diminished power of race-propagation, yet the 
product of the two factors is greater than before; so that the 
forces preservative of race become, thereafter, in excess of the 
forces destructive of race, and the race spreads, We shall 
soon see why this happens. 

Every advance in evolution implies an economy. ‘That any 
increase in bulk, or structure, or activity, may beeome estab- 
lished, the life of the organism must be to some extent 
facilitated by the change—the cost of aclf-support must be, 
on the average, reduced, If the greater complexity, or the 
larger size, or the more agile movement, entails om the in- 
dividual an outlay that is nob repaid in food more-easily 
obtained, or danger more-easily escaped ; then the individual 
will be at a rvlative disadvantage, and its diminished posterity 
will disappear. If the extra outlay is but just made good 
by the extra advantage, the modified individual will not sur- 
vive longer, or leave more descendants, than the unmodified 
individuals, Consequently, it is only when the expense of 
greater individuation is out-balanced by a subsequent saving, 
that it can tend to subserve the proservation of the indi- 
vidual, and, by implication, the preservation of the race. 
The vital capital invested in the alteration must bring a 
more than equivalent return. A few instances 
will show that, whether the change results from direct 
equilibration or from indirect equilibration, this must happen, 
Suppose a creature takes to performing some act in an un- 
usual way—leaps where ordinarily ite kindred crawl, cludes 
pursuit by diving instead of, like others of its kind, by swim- 
ming along the surface, escapes by doubling instead of by 


speed. Clearly, perseverance in the modified habit will, other 
738 
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things equal, imply that it takes less effort. The ereature’s 
sensations will ever prompt desistance from the more labori- 
ous course; and hence a congenital habit is not likely to be 
diverged from unless an economy of force i¢ achieved by the 
divergence, Assuming, then, that the new method has 20 
advantage over the old in directly diminishing the chances 
of death, the establishment of it, and of the structural 
complications involved, nevertheless implies a physiological 
gain. Suppose, again, that an animal takes to some 
abundant food previously refused by its kind. It ia likely to 
porsist only if the comparative ease in obtaining this food, 
more than compensates for any want of adaptation to its 
digestive organs; so that superposed modifications of the 
digestive organs are likely to arise only when an average 
economy resulta. What now must be the influence 
on the creature’s ayetem as a whole? Diminished expenditure 
in any direction, eased nutrition however effected, 
will leay ater surplus of materials. The animal will be 
physiological richer. Part of its augmented wealth will go 
towards its own greater individuation—its size, or its 
strength, or both, will increase; while another part will go 
towards more active genesis. - Just as a state of plethora 
directly produced enhances fert ; so will such a state 
indirectly produced. 

In another way, the same thing must result from those 
additions to bulk or complexity or activity that are due to 
survival of the fittest. Any chango which prolongs individual 
life will, other things remaining the same, further the pro- 
duction of offspring. Even when it is not, like the foregoing, 
a means ing the forces of the individual, still, if it 
increases the ct of escaping destruction, it increases the 
chances of leaving posterity. Any further degree of evolu- 
tion, therefore, will be established only where the cost of 
it is more than repaid; part of the gain being shown in the 
lengthened life of the individual, and part in the greater 
production of othor individuals. 
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We have here the solution of various minor anomalies by 
which the inverse variation of Individuation and Genesis is 
obscured, Take as an instance the fertility of the Blackbird 
as compared with that of the Linnet, Both birds lay five eggs, 
and beth usually have two broods. Yet the Blackbird is far 
the larger of the two, and ought, according to the general 
law, to be much less prolific. What causes this noneon- 
formity? We shall find an answer in their respective foods 
and habits, Except during the time that it is rearing its 
young, the Linnet collects only vegetal food—lives during 
the winter on the seede it finds in the fields, or, when hard 
pressed, picks up around farms; and to obtain this spare 
diet is continually flying about. ‘The result, if it survives the 
frost and snow, is a considerable depletion; and it recovers 
its condition only after some length of spring weather. The 
Blackbird, on the other hand, ia omnivorous, While it cats 
grain and fruit when they come in ite way, it depends largely 
on animal food. It cuts to pieces and devours the dew-worms 
which, morning and evening, it finds on the surface of a lawn, 
and, even discovering where they are, unearths them; it 
swallows slugs, and breaking snail-shells, either with its beak 
or by hammering them against stones, tears out their tenants ; 
and it eats bectles and larve, Thus the strength of the 
Blackbird opens to it a store of good food,.much of which is 
inaccessible to so small and weak a bird as a Linnet—a store 
especially helpful to it during the cold months, when the 
hybernating snails in hedye-bottoms yield it abundant pro- 
vision, The result is that the Blackbird is ready to breed 
very early in spring, and is able during the summer to rear 
a second, and sometimes even a third, brood, Here, then, a 
higher degree of Individuation secures advantages so great, 
as to much more than compensate its cost. It is not that the 
decline of Genesis is less than proportionate to the increase of 
Individuation, but there is no decline at-all. Com- 
parison of the Rat with the Mouse yields a parallel result. 
Though they differ greatly in size, yet the one ix ax prolific 
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as the other. ‘This absence of difference cannot be ascribed 
to their unlike degrees of activity. We must seek its cane 
in some facility of living secured to the Rat by its greater 
intelligence, greater power and courage, greater ability to 
utilize what it finds. The Rat is notoriously cunning; and its 
cunning gives succoss to its foraging expeditions. Tt ix not, 
like the Mouse, limited mainly to vegetal food; but while it 
eats grain and beans like the Mouse, it also cats flesh and 
carrion, devours young poultry and eggs. The result is that, 
without a proportionate increase of expenditure, it gets a far 
larger supply of nourishment than the Mouse; and relative 
excess of nourishment makes possible a larger size without 
a smaller rate of multiplication. How clearly this is the 
cause, we see in the contrast between the common Rat and 
the Water-Rat. While the common Rat has ordinarily 
several broode a-year of from 10 to 12 each, the Water-Hat, 
though somewhat smaller, has but 5 or 6 in a brood, and but 
one brood, or sometimes two broods, a-year. But the Water 
Rat lives on vegetal food, and it lacks all that its bold, saga- 
cious, omnivorous congener gains from the warmth as well as 
the abundance which men’s habitations yield. 

The inverse variation of Individuation and Genesis iq 
therefore, but approximate. Reco, ing the truth that 
every increment of evolution which is appropriate to the 
circumstances of an organism, brings an advantage somewhat 
in excess of its cost; we see the general law, as more strictly 
etated, to be that Genesis decreases not quite so fast af 
Individuation increases. Whether the greater Individuation 
takes the form of a larger bulk and accompanying access of 
strength; whether it be shown in higher speed or agility: 
whether it consists in a modification of structure which facili- 
tates some habitual movement, or in a visceral change that 
helps to utilize better the absorbed aliment; the ultimate 
effect is identical. There is either a more economical per- 
formance of the same actions, internal or external, or there 
is a securing of greater advantages by modifled actions, which 
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cost no more, or have an increased cost leas than the in- 
ereased gain, In any case the result is a greater surplua of 
vital capital, part of which goes to the aggrandizement of 
the individual, and part to the formation of new individuals. 
While the higher tide of nutritive matters, everywhere filling 
the parent-organism, adds to ils power of self-maintenanee, it 
also causes a reproductive overflow larger than before, 

Hence every type which is best adapted to its conditions, 
(and this on the average means every higher type), has a rato 
of multiplication that ineures a¢tendency to predominate, 
Survival of the fittest, aeting alone, is ever replacing in- 
ferior species by superior species. But beyond the longer 
suryival, and therefore greater chance of leaving offspring, 
which superiority gives, we see here another way in which 
the epread of the superior is insured. Though the more- 
evolved organism is the less fertile absolutely, it is the more 
fertile relatively. 








CHAPTER XII. 
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$365. Tue relative fertility of Man considered as 3 
species, and those changes in Man's fertility which occur under 
changed conditions, must conform to the laws which we hare 
traced thus far. As a matter of course, the inverse variation 
between Individustion and Genesis holds of him as of all 
other organized beings. His extremely low rate of multipli- 
cation—far below that of all terrestrial Mammals except the 
Elephant, (which though otherwise lees evolved is, in extent 
of integration, more evolved)—we shall recognize as the 
necessary concomitant of his much higher evolution. Ad 
the causes of increase or decrease in his fertility, special or 
general, temporary of permanent, we shall expect to find ix 
thoee changes of bulk, of structure, or of expenditure, which 
we have in all other cases seen associated with snch effects. 

In the absence of detailed proof that these parallelism’ 
exist, it might suffice to contemplate the several communities 
between the reproductive function in human beings and other 
beings. I do not refer simply to the fact that genesis pre 
ceeds in a similar manner; bat I rofer to the similarity of 
the relation between the generative function and the fune 
tions which have for their joint end the preservation of the 
individual. In Man, as in other crvatures that expend much, 
genesis commences only when growth and development are 
declining in rapidity and approaching their termination 
the higher organisms in general, the 
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activity, continuing during the prime of life, ceases when the 
vigour declines, leaving a cloaing period of infertility; and in 
like manner among ourselves, burrenness. supervenes when 
middle age brings the surplus vitality to an end. So, too, 
it is found that in Man, as in beings of lower orders, there is _ 
a period at which fecundity culminates, In $341, facts were 
cited showing that at the commencement of the reproductive 
period, animals bear fewer offspring than afterwards; and 
that towards the close of the reproductive period, there ix a 
decrease in the number produced. Tn like manner it is shown 
by the tables of Dr. Duncan's recent work, that the fecundity 
of women increases up to the age of about 25 years, and 
continuing high with but slight diminution till after 30, 
then gradually wanes, It is the same with the sizes and 
weights of offspring. Infants born of women from 25 to 29 
years of age, are both longer and heavier than infants born 
of younger or older women; and this difference has the same 
implication as the greater total weight of the offspring pro- 
duced at a birth, during the most fecund age of a pluriparous 
animal. Once more, there is the fact that a too-early bearing 
of young produces on a woman the same injurious effects aa 
on an inferior creature—an arrest of growth and an enfeeble- 
ment of constitution. 

Considering these general and. special parallclisms, we 
might safely infer that variations of human fertility conform 
.to the same laws as do variations of fertility im general. 
But it is not needful to content ourselves with an implication. 
Evidence is assignable that what causes Increase or deertase 
of genesis in other creatures, causes Increase or decrease of 
genesis in Man, It is true that, more than hitherto, our 
reasonings are beset by difficulties. So numerous are the 
inequalities in the conditions, that but few unobjectionable 
comparisons can be mado, The human races differ eonsidor- 
ably in their sizes, and notably in thoir degroos of cerebral 
development. The countries they inhabit entail on them 
widely different consumptions of matter for maintenanee of 
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temperature, Both in their qualities and quantities the 
foods they live on are unlike; and the supply is here regular 
and there very irregular. Their expenditures in bodily action | 
are extremely unequal; and even still more unequal are 
their expenditures in mental action. Hence the factors, 
varying 80 much in their amounts and combinations, can 
scarcely ever have their respective effects identified. Never- 
theless there are a few comparisons the results of which may 
withstand criticism. 


$366, The increase of fertility caused by a nutrition that 
is greatly in excess of the expenditure, is to be detected by 
contrasting populations of the same race, or allied races, 
one of which obtains good and abundant sustenance much 
more easily than the other. Three cases may here be set 
down, 

The traveller Barrow, describing the Cape- Boers, says — 
“Unwilling to work and unable to think, 
to excess in the gratification of every sensi 
African peasant grows to an unwieldy size;” 
the other sex, he adds—* the women of the African peasantry 
lead a life of the most listless inactivity.” Then, after ius 
trating these statements, he goce on to note “ the prolific 
tendency of all the African peasantry. Six or seven children. 
in a family are considered as very few; from a dozen to 
twenty are not uncommon.” ‘The native races of 
this region yield evidence to the same effect. Speaking of 
the cruelly-used Hottentots (he is writing a century ago), 
who, while they aro poor and ill-fod, have to do all the work 
for the idle Boers, Barrow says that they “ eeldom have more 
than two or three children; and many of the women are 
barren.” This unusual infertility stands in remarkable con- 
trast with the unusual fertility of the Kaffirs, of whom he 
afterwards gives an account. Rich in cattle, leading easy 
lives, and living almost exclusively on animal food (chiefly 
milk with occasional flesh), these people were then reputed 
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to have a very high rate of multiplication, Barrow writes:— 
“They are said to be exceedingly prolific; that twins are 
almost as frequent as single births, and that it is no un- 
common thing for a woman to have three at a time.” Pro- 
bably both these statements are in excess of the truth; but 
there is room for large discounts without destroying the 
extreme difference. A third instance is that of the 
French Canadians. “Nous sommes terribles pour les en- 
fants!” observed one of them to Prof. Johnston, who tells us 
that the man who said this “ was one of fourteen children— 
wos himself the father of fourteen, and assured me that from 
cight to sixteen was the usual number of the farmers’ 
families. He even named one or two women who had 
brought their husbands five-and-twenty, and threatened ‘le 
vingt-sixiéme pour Te prétre’” From these large families, 
joined with the early marriages and low rate of mortality, it 
results that, by natural increase, “there are added to the 
French-Canadian population of Lower Canada four persons 
for every one that is added to the population of England.” 
Now these French-Canadians are described by Prof. Johnston 
as home-loving, contented, unenterprising; and as living in 
a4 region where “Jand and subsistence are easily obtained.” 
Very moderate industry brings to them liberal supplies of 
necessaries; and they pass a considerable portion of the year 
in idlencss, Hence the cost of Individuation being much 
reduced, the rate of Genesis is much increased, That this 
uncommon fertility is not due to any direct influence of the 
locality, is implied hy the fact that along with the “ restless, 
discontented, striving, burning energy of their Saxon neigh- 
bours,” no such rate of multiplication is observed; while 
further south, where the physical circumstances are more 
favourable if anything, the Anglo-Saxons, leading lives of 
excessive activity, have a fertility below the average. And 
that the peculiarity is not a direct effect of race, is proved by 
the fact that in Europe, the rural French are certainly not 
more prolific than the rural English. 
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‘To every reader there will probably occur the seemingly: 
adverse evidence furnished by the Trish; who, though not 
well fed, multiply fast. Part of this more rapid increase is 
due to the earlier marriages common among them, and eon- 
sequent quicker succession of generations—a factor which, 
as we have seen, has a larger effect than any other on the 
rate of multiplication. Part of it is duc to the greater 
generality of marringe—to the comparative smallness of the 
number who die without having had the opportunity of pro- 
ducing offspring. The effects of these causes having been 
deducted, we may doubt whether the Irish, individually eon- 
sidered, would be found more prolife than the English. 
Perhaps, however, it will be said that, considering their diet, 
they ought to be leas prolific. This is by no means obvious 
It is not simply a question of nutriment absorbed. It is a 
question of how much remains after the expenditure in self 
maintenance, Now a notorious peculiarity in the life of the 
Trish peasant is, that he obtains a return of food which is 
Jarge in proportion to his outlay in labour. The cultivation 
of his potatoe-ground oceupies each cottager but a small part 
of the year; and the domestic economy of his wife ig not of a 
kind to entail on her much daily exertion. Consequently the 
crop, tolerably abundant in quantity though innutritive in 
quality, possibly suffices to meet the comparatively-low ex- 
penditure, and to Ieave a good surplus for genesis—perhaps 
a greater surplus than remains to the males and females of 
the English peasantry, who, though fed on better food, are 
harder worked. 

We conclude, then, that in the human race, a8 in all other 
races, such absolute or relative abundance of nutriment as 
leaves a large excess aftor dofraying the cost of carrying on 
parental life, is accompanied by a high rate of gonosis.* 








§ 367. Evidence of the converse truth, that relative in- 


* This is exactly the reverse of Mr. Doubleday's doctriue: which ts that 
throughout both che animal and vegeible Kingloms. “ovorfoeding cheeks 
increase; whilst, on tho other hand, a Imitod or doficlent autrimeut stimie 
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crease of expenditure, leaving a diminished surplus, reduces 
the degree of fertility, is not wanting. Soni¢ of it has been 
act down for the sake of antithesis in the foregoing section, 
Here may be grouped a few facts of a more special kind 
having the same implication. 

‘To prove that much bodily labour renders women less pro- 
life, requires more evidence than has at present been collected. 
Nevertheless it may be noted that De Boismont in France and 
Dr. Seukits in Austria, have shown by extensive statistical 
comparisons, that the reproductive age is reached a year 
later by women of the labouring class than by middle-class 
women; and while aseribing this delay in part to inferior 


lator and adda to it” Or, as he cliewhero sayx—" Bo tho range of the 
‘natural power to increase in any species what it may, the plehorie state Inva- 
riably checks it, and the deplethoric state Invariably develops it; and this hap. 
pens in the exact ratio of the intensity and completeness of cach state, until 
each state be carried #0 far as to bring about the actual death of the animal 
‘or pilant itself.” 

T have apace hore only to indicate the misinterpretations on which Me. 
Doubleday bas based bis argument. 

In the first place, he has confounded normal plethora with whnt 1 have, in 
{ 286, distinguished as abnormal plethora, ‘Tho casos of infertility accom- 
panying fatness, which he cites in proof that over-feeding checks increase, are 
not cates of high nutrition properly so called ; hut eases of such defective abe 
n ae constitutes low nutrition, In Chap. 1X, abundant 
a truly plothoric alate ix an unusually fertile state. It 
may be added that much of the oridonoe by which Mr, Doubleday mecks to 
show that among men, highly-fed classor are Infortile clavscs, may be out- 
balanced by countereridence. Many years ago Mr. G. Il. Lewes poluted this 
‘ont: extracting from a book on the peerage, the names of 16 peors who had. 
‘at that timo, 186 children ; giving an avorage of L1°6 in a family. 

Mr. Doubloday insists much on the support given to his theory by the 
Darrenness of very luxuriant plant, and the fruitfalness produced in plants 
hy depletion, Had he been aware that the change from barrennees to fruit 
fulness in plants, is a change from agamogenoels to gamozenesi+—had It becn 
woll known at the tine when he wrote ax it Is now, that a tree which goes 
‘on putting ont sexless shoots, is thus producing now individuals; and that 
when Lt beglus to bear fruit, it simply begins to produce new individuals after 
another manner—he would have perceived that facts of this elass do not tell 
in bis favour. 

In the law which Mr, Doubleday alloges, he sees a guarantes for #*~ 
maintenance of species. He argues that the plothorie state of the tndlit- 
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nutrition, we may suspect that it ix in part doe te greater 
muscular expenditure. A kindred fact, admitting of 
kindred interpretation, may be added. Though the 
paratively-low rate of increase in France is attributed to 
other causes, yet, very possibly, one of its causes is the 
greater proportion of hard work entailed on French women, 
by the excessive abstraction of mem for 
occupations, military and civil. The higher rate of multipli- 
cation in England than in continental countries generally, is 
not improbably furthered by the easier lives which English 
women lead, 

‘That absolute or relative infertility is commonly produced 
in women by mental labour carried to excess, is mone clearly 
shown. Though the regimen of upper-class girls is not what 
it should be, yet, considering that their feeding ix better than 
that of girls belonging to the poorer classes, while, im most 
other respects, their physical treatment is not worse, the 


duals constituting suy race of orgaulsms, presupposes conditions so faroo)- 
‘able to fife that the race can be in no danger; and that rapidity of malil 
plication becomes needless, Conversely, be argues that « deplethorie state 
implies unfavvarable conditions—implies, consequently, unusual mortality ; 
that is—implies @ necessity for increased fertility to prevent the mee from 
dying out. [i may be readily shown, however, that sach an arrangement 
would be the reverse of self-adjusting. Sappore a species, too mameroes 
for ita food, to be in the resulting deplethoric vinte. It will, acconding te 
Me, Doubleday, become unusually fortile; and the next generation will be 
more numerous rather thas Tess numerous. For, by the hypothesis, the sims 
usual fertility dun 10 the deplothoric state, i¢ the cause of undue inerease of 
population, But if the noxt generation is more numerous while the supply 
‘of food has not increased in proportion, then this next generation will be im 
4 still more deplethorle staie, wnd will be stfll more fersile. ‘Thae there will 
go on an ever.incresting rate of multiplication, and an evendcereasing share 
of food, for each perros, until the speeica disappears, Suppose, on the 
other hand, the members of a species to be in an unusually plethoric #tate. 
‘Thoie rato of multiplication, ontinarily sufficient to maintain thele numbers, 
will beovme insufficient to maintein their umberk Tn the next generation, 
therefore, there will be fewer to cat the already abundant food, which be 
coming relatively stitl more abundant, will render the fewor members of the 
species atill nore plothoric, and still loss fertile than thelr parents, And the 
actions and reactions continuing, the species will prosently die out from abso- 
Jute barrennest. 
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deficiency of reproductive power among them may be reason- 
ably attributed to the overtaxing of their brains—an over- 
taxing which produces @ serious reaction on the physique. 
This diminution of reproductive power is not shown only by 
the greater frequency of absolute sterility; nor is it shown 
only in the carlier cessation of child-bearing; but it is also 
shown in the very frequent inability of such women to suckle 
their infants, In its full sense, the reproductive power means 
the power to bear a well-developed infant and to supply that 
infant with the natural food for the natural period. Most of 
the flat-chested gitls who aurvive their high-pressure educa- 
tion, are incompetent to do this. Were their fertility mea- 
sured by the number of children they could rear without 
artificial aid, they would prove relatively very infertile, 

"The cost of reproduction to males being so much less 
than it is to females, the antagonism between Genesis and 
Individuation is not often shown in men by suppression of 
generative power consequent on unusual expenditure in 
bodily action. Nevertheless, there are indications that this 
results in extreme eases. We rend that the anciont athlete 
rarely had children; und among such of their modern repre- 
sentatives as acrobats, an allied relation of cause and effect 
is alleged. Indirectly this trath, or rather its converse, 
appears to haye been ascertained by those who train men 
for feats of strength—they find it needful to insist on con- 
tinence. 

Special proofs that in men great cerebral expenditure 
diminishes or destroys generative power, are diffleult to 
obtain. It is, indeed, asserted that intense application to 
mathematics, requiring as it does extreme concentration of 
thought, is apt to have this result; and it is asserted, too, 
that this result fs produced by the excessive emotional ex- 
citement of gambling. Then, again, it is a matter of common 
remark how frequently men of unusual mental activity leave 
no offspring. But facts of this kind admit of another inter- 
pretation. ‘The reaction of the brain on the body is so violent 
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—the overtaxing of the nervous system is so apt to prostrate 
the heart and derange the digestion; that the incapacities 
caused in these eases, are probably often due more to con- 
stitutional disturbance than to the direct deduction which 
excessive action entails. Such instances harmonize with the 
hypothesis; but how fur they yield it positive support we 
cannot say, 





§ 368, An objection must here be guarded against. It is 
likely to be urged that since the civilized races are, on the 
average, larger than many of the uneivilized races; and since 
they are also somewhat more complex as well as more active; 
they ought, in conformity with the alleged general law, to 
be leas prolific. There is, however, no evidence to prove that 
they aro so: on the whole, they seem rather the reverse. 

The reply is that were all other things equal, theae 
superior varieties of men should have inferior rates of in< 
crease. But other things are not equal; and it is to the 
inequality of other things that this apparent anomaly is 
attributable. Already we have seen how much more fertile 
domesticated animals are than their wild kindred; and the 
causes of this greater fertility are also the causes of the 
greater fertility, relative or absolute, which civilized men 
exhibit when compared with savages, 

There is the difference in emount of food, Australians, 
Fuegians, and sundry races that might be named as haying 
Jow rates of multiplication, are obviously underfed. ‘The 
sketches of natives o ned in the volumes of Livingstone, 
Baker, and others, yield clear proofs of the extreme dopletion 
common among the uncivilized. In quality as well 
as in quantity, their feeding ia bad, Wild fruits, insects, 
larve, vermin, &e., which we refuse with disgust, often enter 
largely into their dietary. Much of this inferior food they 
eat uncooked; and they have not our elaborate appliances 
for mechanically-preparing it, and rejecting its useless parts. 
So that they live on matters of kes nutritive value, which 
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cost more both to masticate and to digest. Forther, 
to uncivilized men supplies of food come very irregularly. 
Long periods of scarcity are divided hy short periods of 
abundance. And though by gorging when opportunity 
occurs, something is done towards compensating for previous 
fasting, yet the effects of prolonged starvation cannot be 
neutralized by occasional enormous meals. Bearing in mind, 
too, that improvident as they are, savages often bestir them- 
selves only under pressure of hunger, we may fairly consider 
them as habitually ill-nourished—may see that even the 
poorer classes of civilized men, making regular meals on food 
separated from innutritive matters, easy to masticate and 
digest, tolerably good in quality and adequate if not abundant 
in quantity, are much better nourished. 

‘Then, again, though a greater consumption in museular 
action appears to be undergone by civilized men than 
by savages; and though it is probably true that among our 
labouring people the daily repairs cost more; yet in many 
cases there does not exist so much difference as we arv apt 
to suppose. The chase is very laborious; and great amounts 
of exertion are gone through by the lowest races in seeking 
and gecuring the odds and ends of wild food on which they 
largely depend. We naturally assume that because bar- 
barians are averse to regular labour, their muscular action 
is lest than our own. But this is not necessarily true. The 
monotonous toil is what they cannot tolerate; and they may 
be ready to go through as much or more exertion when 
it is joined with excitement. If we remember that the 
sportsman who gladly ecrambles up and down rough hill- 
sides all day after grouse or deer, would think himself hardly 
used had he to spend as much effort and time in digging; we 
shall see that a savage who is the reverse of industrious, 
may nevertheless he subject to a muscular waste not very 
different in amount from that undergone by the indus- 
trious, When it is added that a larger physiolo- 
gical expenditure is entailed on the uncivilized than on the 
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civilized by the absence of good appliances for shelter and 
protection—that in some cases they have to muke good s 
greater loss of heat, and in other cases suffer much wear from 
irritating swarms of insects; we shall sce that the total cost 
of sclf-maintenance among them is probably in many cases 
little lees, and in some cases more, than it is among ourtelret. 
So that though, on the average, the civilized are pi 
Jarger than the savage; and though they am, in ther 
nervous systems at least, somewhat more complex; amd 
though, other things cqual, they ought to be the les 
prolific; yet other things are so unequal as to make it 
qnite conformable to the general Jaw that they elould be 
more prolific, In §365 we observed how, among inferior 
animals, higher evolution sometimes makes self-preservation 
fur easier, by opening the way to resources previously um 
available: so involving an undiminished, or even an im 
creased, rate of genesis, And similarly we may expect that 
among races of men, those whose slight further develop- 
ments have been followed by habits and arts whieh immensely 
facilitate life, will not exhibit a lower degree of fertility, and 
may even exhibit a higher. 


$369. One more objection has to be met—a kindred ob- 
jection to which there is a Kindred reply. Cases may be 
named of men conspicuous for activity, bodily and mental, 
who were also noted, not for less generative power than usual, 
but for more. As their superiorities indicate higher degrees 
of evolution, it may be urged that such men should, acconl- 
ing to the theory, have lower degrees of reproductive activity, 
‘The fact that here, along with increased powers of self-pn- 
servation, there go increased powera of race-propagation, 
seems irreconcilable with the general doctrine. Reconeilin- 
tion ix not difficult however. ] 

‘The cases are analogous to some before named, in which 
more abundant food simultancously aggrandizes the indi- 
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vidual and adds to the production of new individuals: the 
difference between the cases being, that instead of a better 
external supply of materiale there is a better internal 
utilization of materials. Creatures of the same species noto- 
riously differ in goodness of constitution. Here there is some 
visceral defect, showing itself in feebleness of all the fune- 
tions; while here some peculiarity of organic balance, some 
high quality of tissue, some abundance or potency of the 
digestive juices, gives to the system a perpetual high tide of 
rich blood, which serves at onee to enhance the vital activities 
and to raise the power of propagation. Such variations, 
however, ure independent of changes in the proportion be- 
tween Individuation and Genesis, This remains the same, 
while both are increased or decreased by the increase or 
decrease of the common stock of materials, 

An illustration will beet clear up any perplexity. Let us 
say that the fuel burnt in the farnace of a locomotive steam- 
engine, answers to the food which a man consumes. Let us 
say that the produced steam expended in working the engine, 
corresponds to that portion of absorbed nutriment which 
carries on the man’s funetiona and activities, And let us 
say that the steam blowing off at the safety-valve, 
answers to that portion of the absorbed nutriment which 
goes to the propagation of the race. Such being the condi- 
tions of the case, several kinds of variations are possible. 
All other circumstances remaining the same, there may be 
changes of proportion between the steam used for working 
the engine and the eteam that escapes by the eafety-valve. 
‘There may be a structural or organic change of proportion. 
Ive or weakening its epring, while 
din size, there may be established a 
constitutionally-small power of locomotion and a constitu- 
tionally-large amount of escape-steam ; and inverse variations 
so produced, will anawer to the inverse variations between 
Individuation and Genesis which different types of organiems 
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show us. Again, there may be a functional change of pro- 
portion. If the engine hax to draw a considerable load, the 
abstraction of steam by the cylinders greatly reduces the 
discharge by the safety-valve; and if a high velocity is kept 
up, the discharge from the eufety-valve entirely ceases, Con- 
versely, if tho velocity is low, the escapo-steam bears a lange 
ratio to the steam consumed by the motor appartius; and if 
the engine becomes stationary the whole of the steam escapes 
by the safety-valve. This inverse variation answers to that 
which we have traced between Expenditure and Genesis, as 
displayed in the contrasts between apecica of the eame type 
but unlike activities, and in the contrasts between active and 
inactive individuals of the same species. Bat now beyond 
these inverse variations between the quantities of consumed 
steam and escape-steam, which are structurally and function- 
ally caused, there are coineident variations, producible in both 
by changes in the quantity of steam supplied—changes which 
may be caused in several ways, In the first place, the fuel 
thrown into the furnace may be increased or made better. 
Other things equal, there will result a more active locomo- 
tion as well as a greater escape; and this will answer to that 
simultancous addition to its individual vigour and its repro- 
ductive activity, caused in an animal by a larger quantity, or 
a superior quality, of food. In the second place, the steam 
generated may be economized. Loss by radiation from the 
boiler may be lessened by a covering of non-conducting sub- 
stances; and part of the steam thus prevented from con- 
densing, will go to increase the working power of the engine, 
while part will be added to the quantity blowing off, ‘Dhis 
variation corresponds to that simultaneous addition to bodily 
vigour and propagative power, which results in animals that 
have to expend less in keeping up their temperatures. In 
the third placo, by improvement of the steam-generating 
apparatus, more steam may be obtained from a given weight 
of fuel. A better-formed evaporating surface, or boiler tubes 
which conduct more rapidly, or an increased number of them 
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may cause a larger absorption of heat from the burning mass 
or the hot gnses it gives off; and the extra steam generated 
by this extra heat will, as before, augment both the motive 
foree and the emission through the safety-valve. And this 
last case of coincident variation, is parallel to the case with 
which we are here concerned—the augmentation of individual 
expenditure and of reproductive energy, that may be caused 
by a superiority of some organ on which the utilizing or 
economizing of materials depends. 

Manifestly, therofore, an increased expenditure for Geno- 
sis, or an increased expenditure for Individuation, may arise 
in one of two quite different ways—either by diminution of 
the antagonistic expenditure, or by addition to the store which 
supplies both expenditures; and confusion results from not 
distinguishing betwoen these, Given the tio 4 to 20, as 
expressive of the relative costs of Genesis and Individuation; 
then the expenditure for Genesis may be raised to 5 while the 
expenditure for Individuation is raised to 25, without any 
alteration of type, merely by favourable cireumstances or 
superiority of constitution. On the other hand, circumstances 
remaining the same, the expenditure for Genesis may be 
raised from 4 to 5, by lowering the expenditure for Indi- 
viduation from 20 to 19: which change of ratio may be 
either functional and temporary, or structural and per- 
manent. And only when it is the last does it illustrate that 
inverse variation between degree of evolution and degree of 
procreative dissolution, which we have everywhere seen, 





§ 370. There is no reason to suppose, then, that the laws 
of multiplication which hold of other beings, do not hold of 
the human being. On the contrary, there are special facts 
which unite with general implications to show that these 
laws do hold of the human being. The absence of direct 
evidence in some cases where it might be looked for, we find 
fully explained when all the factors are taken into account. 
And certain seemingly-adverse facts prove, on examination, 
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to be facts belonging to a difforent category from that in 
which they are placed, and harmonize with the rest when 
rightly interpreted. 

‘The conformity of human fertility to the laws of multipli- 
eation in general, being granted, it remains to inquire what 
effects must be caused by permanent changes in men’s natures 
and circumstances, ‘Thus fur we have observed how, by their 
exceptionally-high evolution and exceptionally-low fertility, 
mankind display the inverse variation between Individuation 
and Genesis, in one of its extremes. And we have also ob- 
served how mankind, like other kinds, are functionally changed 
in their rates of multiplication by changes of conditions, But 
we have not observed how alteration of structure in Man 
entails alteration of fertility. The influence of this factor is 
so entangled with the influences of other factors which are 
for the present more potent, that we cannot recognize it. 
Here, if we proceed at all, we must proceed deductively. 








[Nore.—From among the publications of the American 
‘Academy of Political and Social Seiencs, there was sent to 
me some years ago an essay entitled “ The Significance of » 
Decreasing Birth Rate” by (Mise) J, L, Brownell, Fellow in 
Political Science, Bryn Mawr College, ‘This essay contains 
a number of elaborate comparisons drawn from the vital 
statistics of the tenth United States Census. ,Phe results 
of these comparisons are thus summed up>— 





“1. Whether o not it be true thut the means spoken of by Dr. 
Billings, M. Dumont, M, Lovasaear, Dr, Edson has become an 
important factor in the diminishing birth-rate of civillzed ‘countries, 
it is evident that it is not the bts factor, and that, quite apart from 
yoluntary prevention, there ix a distinct problem to be ee 
‘This is shown by the fact that the white and the colored birth-rat 
vary together. 

“9. Mr. Spencer's generalization that the birth-rate diminishes as 
the rate of individual evolution increases Is confirmed by a comparison: 
of the birth-rates with the death-rates from nervous @isenses, and alee 
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with the density of population, the valucs of agricultural and manu- 
factured products, and the mortgage indebtedness,” 


Of course multitudinous differences of race, class, mode 
of living, occupation, locality, make it difficult to draw posi- 
tive inferences from the data; but the inferences above drawn 
are held to remain outstanding after allowing for all the 
qualifying conditions, ] 








CHAPTER XIII. 
HUMAN POPULATION IN THE FUTURE 


$971. Ayr further evolution in the most-highly evolved 
of terrestrial beings, Man, must be of the same nature a5 
evolution in general. Structurally considered, it may consist 
in greater integration, or greater differentiation, or both— 
augmented bulk, or increased heterogeneity and definiteness, 
or a combination of the two. Functionally considered, it 
may consist in a larger sum of actions, or more multiplied 
varicties of actions, or both—a larger amount of sensible and 
insensible motion generated, or motions more numerous in 
their kinds and more intricate and exact in their co-ordina- 
tions, or motions that are greater alike in quantity, com- 
plexity, and precision. 

Expressing the change in terms of that more special 
evolution displayed by organisms; we may say that it must 
be one which further adapts the moving equilibrium of 
organic actions. Ax was pointed out in First Principles, 
$173, “the maintenance of such « moving equilibrium, te 
quires the habitual genesis of internal forces corresponding 
in number, directions, and amounts to the external incident 
forces—as many inner functions, single or combined, as there 
are or combined outer actions to be met And it 
was also pointed out that “ the structural complexity aecom- 
panying functional equilibration, is definable as one in which 
there are as many specialized parts as are capable, separately 
and jointly, of counteracting the separate and joint forces 

see 
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amid which the organism exists.” Clearly, then, since all 
incompletenesses in Man as now constituted, are failures to 
meet certain of the outer actions (mostly involved, remote, 
irregular), to which he is exposed; every advance implies 
additional co-ordinations of actions and accompanying ¢om- 
plexities of organization. 

Or, to specialize still further this conception of future pro= 
gress, we may consider it as an advance towards completion 
of that continuous adjustment of internal to external rela- 
tions, which Life shows us. In Part I. of this work, where 
it was shown that the correspondence between inner and 
outer actions which under its phenomenal aspect, we call 
Life, is o particular kind of what, in terms of Evolution, we 
called a moving equilibrium; it was shown that the degree 
of life varies as the degree of correspondence. Greater evo- 
lution or higher life implies, then, such modifications of 
human nature as shall make more exact the existing corre. 
spondences, or shall establish additional correspondences, or 
both. Connexions of phenomena of a rare, distant, unobtru- 
sive, or intricate kind, which we cither suffer from or do not 
take advantage of, haye to be reeponded to by new connexions 
of ideas, and acts properly combined and proportioned : there 
must be increase of knowledge, or skill, or power, or of all 
thee. And to effect this more extensive, more varied, and 
more accurate, co-ordination of actions, there must be orguni- 
zation of still greater heterogeneity and definitencss, 





$372, Let us, before proceeding, consider in what par- 
ticular ways this further evolution, this higher life, this 
greater co-ordination of actions, may be expected to show 
itself. 

Will it be in strength? Probably not to any considerable 
degree, Mechanical appliances are fast supplanting brute 
force, and doubtless will continue doing this, Though at 
present civilized nations largely depend for self-preservation 
on vigour of limb, and are likely to do so while wars con- 
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tinue; yet that progressive adaptation to the ; 
which must at last bring wars to an end, will 
amount of muscular power to adjust itself to the 
of a peaceful regime. Though, taking all things into 
the muscular power then required may not be less than now, 
there seems no reason why more should be required. > 
Will it be swiftness or agility? Probably not. In savages 
these are important clements of the ability to maintain 
life; but in civilized men they aid self-preservation in quite 
minor degrees, and there scems no cireumstance likely 
necessitate an increase of them. By gamex and gymnastic 
competitions, such attributes may indeed be artificially in 
creased; but no artificial increase which’ does not bring 
proportionate sdvantage can be permanent; eines, other 
things equal, individuals and societies that devote the same 
amounts of energy in ways which subserve life more effectsi- 
ally, must by and by predominate 
Will it be in mechanical skill, that is, im the better 
co-ordination of complex movements? Most likely in some 
degree. Awkwardness is continually entailing injuries and 
deaths. Moreover the complicated tool which civilization 
brings into use, are constantly a 













executive faculties in men: the two act and react. 
‘Will it be in intelligence? Largely, no doubt. ‘There is 
ample room for advance in this direction, and ample demand 
for it. Our lives are universally shortened by oar ignorance 
In attaining complete knowledge of our own natures and af 
the natures of surrounding things—in ascertaining the com- 
dition: of existence to which we must conform, and in dis- 
covering means of conforming to them under all variations 
of sessons and circumstances; we have abundant scope for 
intellectual progress. _ 
Will it be in morality, that is, in greater power of self 
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regulation? Largely also: perhaps most largely. Right con- 
duct is usually come short of more from defect of will than 
defect of knowledge. For the right co-ordination of those 
complex actions which constitute human life in its civilized 
form, there goes not only the pre-requisite—recognition of 
the proper course; but the further pre-requisite—a due 
impulse to pursue that course. .On calling to mind our 
daily failures to fulfil often-repeated resolutions, we shall 
perceive that lack of the needful desire, rather than lack of 
the needful insight, is the chief cause of faulty action. A 
further endowment of those feclings which civilization is 
developing in us—sentiments responding to the riquirements 
of the social state—emotive faculties that find their gratifl- 
cations in the duties devolving on us—must be acquired 
before the crimes, excesses, diseases, improvidences, diehones- 
ties, and crueltice, that now go greatly diminish the duration 
of life, can conse. 

‘Thus, looking at the soveral possibilities, and asking 
what direction this further evolution, this more complete 
moving equilibrium, this better adjustment of inner to outer 
relations, this more perfect co-ordination of actions, is likely 
to take; we conclude that it must take mainly the direction 
of a higher intellectual and emotional development. 





$473. This conclusion we shall find equally forced on us 
if we inquire for the causes whieh are to bring about such 
results. No more in the case of Man than in the case of 
any other being, can we presume that evolution has taken 
place, or will hereafter take place, spontancously. In the 
past, at present, and in the future, all modifications, func- 
tional and organic, have been, are, and must be, immediately 
or remotely consequent on surrounding conditions. What, 
then, are those changes in the environment to which, by 
direct or indirect equilibration, the human organism has been 
adjusting itself, is adjusting itself now, and will continue to 
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adjust itself? And how do they necessitate a higher erol- 
tion of the organism? 

Civilization, everywhere having for its antecedent the in- 
crease of population, and everywhere having for one of its 
consequences a decrease of certain race-deetroying forces, has 
for a farther consequence an increase of certain other rac 
destroying forces. Danger of death from predatory animals 
lessens as men grow morenumernus, ‘Though, as they spresd 
over the Earth and divide into tribes, men become wild 
beasts to one another, yet the danger of death from this 
cause also diminishes as tribes coalesce into nations. But the 
danger of death which does not diminish, is that produced by 
augmentation of numbers itself—the danger from deficiency 
of food. Supposing human nature to remain anchanged, the 
mortality hence resulting would, on the average, rise as 
human beings multiplicd. If mortality, under such condi- 
tions, docs not rise, it must be because the supply of food 
also augments; and this implies come change in human 
habits wrought by stress of human needs, Here, then, is 
the permanent cause of modification to which civilized men 
are exposed. Though the intensity of its action is ever bei 
mitigated in one direction by greater production of food, it 
is, in the other direction, ever being added to by the greater 
production of individuals. Manifestly, the wants of their 
redundant nambers constitute the only stimulus mankind 
have to obtain more necessaries of life. Were not the demand 
beyond the supply, there would be no motive to increase the 
supply. And manifestly, this excess of demand over supply 
is perennial: this pressure of population, of which it is the 
inde: ot be olud ‘Though by the emigration that 
takes place when the pressure arrives at a certain intensity, 
temporary relief is from time to time obtained; yet as, by 
this process, all habitable countries must become peopled, it 
follows that in the end the pressure, whatever it may then 
be, must be bor full, 

This constant increase of people beyond the means of sub- 
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sistence causes, then, a never-censing requirement for skill, 
intelligence, and self-control—involves, therefore, a constant 
exercise of these and gradual growth of them. Every indus- 
trial improvement is at once the product of a higher form 
of humanity, and demands that higher form of humanity to 
carry it into practice. The application of science to the arte, 
is the bringing to bear greater intelligence for satisfying our 
wants, and implies continued progress of that intelligence. 
‘To get more produce from the sere, the farmer must study 
chemistry, must adopt new mechanical appliances, and must, 
by the multiplication of processes, cultivate both his own 
powers and the powers of his labourers. To moct the 
requirements of the market, the manufacturer is per- 
petually improving his old machines and inventing new 
ones; and by the premium of high wages incites artizans to 
acquire greater skill. ‘The daily-widening ramifications of 
commerce entail on the merchant a need for more know- 
ledge and more complex calculations; while the lessening 
profits of the ship-owner force him to build more scientifi- 
cally, to get captains of higher intelligence and better crews. 
In all cases pressure of population is the original cause. 
Were it not for the competition this entails, more thought 
and energy would not daily be spent on the business of life; 
and growth of mental power would not take place. 
Difficulty in getting a living is alike the incentive to a 
higher education of children, and to a more intense and 
Tong-continucd application in adults. In the mother it 
prompts foresight, cconomy, and skilful house-keeping; in the 
father, laborious days and constant self-denial, Nothing but 
necessity eould make men submit to this discipline; and 
nothing but this diseipline could produce a continued pra- 
gression. 

In this case, as in many others, Nature secures each step 
in advance by a succession of trials; which are perpetually 
repeated, and cannot fail to be repeated, until success ix 
achieved. All mankind in turn subject themselves more or 
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Joss to the discipline described ; they either may or may met 
advance undor it; but, in the nature of things, only those 
who do advance under it eventually survive. Tor, nec 
sarily, families and races whom this increasing difficulty of 
getting a living which excess of fertility entaila, does not 
stimulate to improvements in production—that is, to greater 
mental activity—are on the high road to extinction; and 
must ullimately be supplanted by those whom the pressure 
does so stimulate. This truth we have recently seen exem- 
plified in Ireland, And here, indeed, without further illus 
tration, it will be seen that premature death, under all ite 
forms and from all its causes, cannot fail to work in the 
same direction. For as those prematurely carried off must, 
in, the average of cases, be those in whom the power of self. 
preservation is the least, it unavoidably follows that thas 
left behind to continue the race, must be those in whom the 
power of self-preservation is the greatest—must be the select 
of their generation. So that, whether the dangers to exist- 
ence be of the kind produced by exeoss of fertility, or of any 
other kind, it is clear that by the ceaseless exercise of the 
faculties needed to contend with them, and by the death of 
all men who fail to contend with them suecessfally, there is 
encured a constant progress towards a higher degroo of skill, 
intelligence, and self-rogulation—a better co-ordination of 
actions—a more complete lifo.* \ 


§ 374. The proposition at which we have thus arrived it, 
then, that excess of fertility, through the changes it is ever 


* A good deal of this chapter retains ite original form; and the abowe — 
paragraph Ix reprinted verbatin from the Westminster Reviow for Apel, 
1862, in which the views developed in the foregoing hundred pages were 
first sketched out. ‘This paragraph shows how near one may be to a great | 
generalization without seeing it, Though the struygle for life is the alleged | 
motive foren; though the process of nataral selection ts recogtiawts and | 
though to it ia arcribed ® #hare in tho evolution of a higher types yet the 
congeption Is not that which Mr. Darwin has worked out with such wonder 
ful skill and knowledge, In the first place, natural selection x here de. 
seribod onty an furthering dircet adaptation—only as aiding progress by a 
picservation of individuals in whom functlcnally.produced modifications 
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working in Man's environment, is itself the eause of Man's 
further evolution ; and the abvious corollary here to be drawn 
is, that Man’s further evolution so brought about, itself 
necessitates a decline in his fertility, 

All future progress in civilization which the never 
ceasing pressure of population must produce, will be acoom- 
panied by an enhanced cost of Individuation, both in 
structure und funetion; and more especially in nervous 
structure and funetion, 'The peaceful struggle for existence 
in socicties ever growing more crowded and more compli- 
cated, must have for its concomitant an increase of the great 
norvous centres in mass, in complexity, in activity, That 
larger body of emotion needed as a fountain of energy for 
men who have to hold their places and rear their families 
under the intensifying competition of social life, is, other 
things equal, the correlative of larger brain. Those higher 
feelings presupposed by the better self-regulation which, in 
a better society, can alone enable the individual to leave a 
persistent posterity, are, other things equal, the correlatives 
of a more complex brain; as are also those more numerous, 
more varied, more general, and more abstract ideas, which 
must also become increasingly requisite for successful life as 
society advances. And the genesis of this larger quantity of 











gone on most favourably. In the second place, there ia no trace of the fen 
that natural selection may by co-operation with tho cause aasigued, or with 
other causes, produce divergenoes of atructare ; and of courte, in the absence 
of this idea, there ix no implication that natural eelection has anything to do 
wilh the origin of species. ‘And in the third place, tho all-important factor 
of varlation—apontancous," of incidental as wo may otherwise call it—is 
wholly Ignored, Though uso and disuse are, T think, much more potent 
cantoa of organic modification than Mr, Darwin e»pposes—thongh, while par. 
rruing the inquiry in detail, I have been led to hellere that dircot equilibration 
‘has played a more active part even than Thad myrelf at one time thought ; 
yet [hold Mr. Darwin to have shown beyond question, that m great part of 
the facts—perhaps the greater part—are explicable only as resulting from 
the survival of individuals which have deviated in some Indirectly-caused way 
from the ancestral type. ‘Thus, tho above paragraph contains merely » paxs- 
ing recognition of the selective process; and indicates 0 surplcion of the 
enormous range of Its effects, or of the conditions under which w large part 
of its effects ure produced, 
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feeling and thought, in a brain thus augmented in size and 
developed in structure, is, other things equal, the correlative 
of a greater wear of nervous tissue and greater consumption 
of materials to repair it, So that both in original cost of com- 
struction and in subsequent cost of working, the nervous 
system must become a heavier tax on the organism. Already 
the brain of the civilized man is larger by nearly thirty per 
cent. than the brain of the zavage Already, too, it presenta 
an increased heterogeneity—especially in the distribution of 
its convolutions. And farther changes like these which have 
taken place under the discipline of civilized life, we infer 
will continue to take place. But everywhere and 
always, evolution is antagonistic to procreative dissolution. 
Whether it be in greater growth of the organs which eub- 
serve self-maintenance, whether it be in their added com- 
plexity of structure, or whether it be in their higher activity, 
the abstraction of the required materials implies a dimi- 
nished reserve of materials for race-maintenance. And we 
have seen reazon to believe that thie antagonism between 
Individuation and Genesis, becomes unusually marked where 
the nervous system is concerned, beeanse of the eostliness of 
nervous structure and function. In $346 was painted ont 
the apparent connexion between high cerebral development 
and prolonged delay of sexual maturity; and in $§ 366, 367, 
the evidence went to show that where exeoptional fertility 
exists there is sluggishness of mind, and that where there 
has been during education excessive expenditare in mental 
action, there frequently follows a complete or partial infer 
tility. Hence the particular kind of further evolution whack 
Man is hereafter to undergo, i one which, more than any 
other, may be expected to cause a decline in his power of 
rwproduction. 

The higher nervous development and greater expenditurt 
in nervous action, here described as indirectly brought about 
by inerense of numbers, and a2 thereafter becoming a check 
ot be taken to imply 




















on the inerease of numbers, must 
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an intenser strain—a mentally-laborious life. The greater 
emotional und intellectual power and activity above con- 
templated, must be understood as becoming, by small incre- 
ments, organic, spontancous, and pleasurable. As, even when 
relieved from the pressure of necessity, largebrained Euro- 
peans voluntarily enter on enterprises and activi which 
the savage could not keep up even to satisfy urgent wants; 
so, their still larger-brained descendants will, in a still higher 
degree, find their gratificntions in careers entailing still 
greater mental expenditures. This enhanced demand for 
materials to establish and earry on the psychical functions, 
will be # constitutional demand, We must conceive the 
type gradually so modified, that the more-developed nervous 
system irresistibly draws off, for its normal and unforced 
activities, a larger proportion of the common stock of nutri- 
ment; and while so increasing the intensity, completeness, 
and length of the individual life, necessarily diminishing the 
reserve applicable to the setting up of new lives—no longer 
required to be so numerous, 

Though the working of this process will donbtlees’ be 
interfered with and modified in the future, as it has been 
in the past, by the facilitations of living which civilization 
brings; yet nothing beyond temporary interruptions can 50 
be caused, However much the industrial arts may be im- 
proved, there must be a limit to the improvement; while, 
with a rate of multiplication in excess of the rate of mor- 
tality, population must continually tread on the heels of 
production. So that though, during the carlicr stages of 
civilization, an increased amount of food may accrue from a 
given amount of labour, there must come a time when this 
relation will be reversed, and when every additional inore- 
ment of food will be obtained by a more than proportionate 
Jabour: the disproportion growing ever higher, and the dimi- 
‘nution of the reproductive power becoming greater. 





$375. There now remains but to inquire towards what 








— | 
limit this progrese tends. So long as the fertility of the 
race is more than sufficient to balance the diminution by 
deaths, population must continue to increase. So long as | 
population continues to increase, there must be pressure op | 
the means of subsistence, And so long as there ia pressure 


on the means of subsistence, farther mental [ 
must go on, and further diminution of fertility must 3 
provided that the actions and reactions which have ben 
described are not artificially interfered with. T append i 
qualifying clause advisedly, and especially emphasize it, be 
cause these actions and reactions have been hitherto, and 
are now, greatly interfered with by governments, and the 
continuance of the interferences may retard, if not stop, 
that farther evolution which would else go on. 

I refer to those hindrances to the survivul of the fittest 
which in carlier times resulted from the undiscriminating 
charities of monasterics and in later times from the opera 
tion of Poor Laws. Of course if the competition which 
increasing pressure of population entails, is prevented from 
acting on a considerable part of the community, such 
saved from the needed intellectual and moral stress, will not | 

| 
| 





undergo any further mental development; and must eve 
tend to leave a posterity, and an inereasing . 
which none of that higher individuation which 

genosis takes place, Such State-meddlings with the uJ 
play of actions and reactions produce a further evil equally 
great or greater. For those who are not self-maintained, or 
but partially self-maintained, are supplied with the moans 
they lack by the better members of the community; and 
these better members have thus not only to support them- 
selves and their offspring, but also to support or nid the 
inferior members and their offspring. The under-working of 
one part is accompanied by the over-working of the other 
part—by a working which at each stage of progress exceeds 
that which the normal conditions necessitate, and resulta 
sometimes in illness, premature age, or death, or in lessened 
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number of children, or in imperfect rearing of children: the 
bad are fostered and the good are repressed, 

It does not follow that the struggle for life and the sur- 
vival of the fittest must be left to work out their offects 
without mitigation. It ig contended only that there ehall 
not be a forcible burdening of the superior for the support 
of the inferior. Such aid to the inferior ax the superior 
voluntarily yield, kept as it will be within moderate limits, 
may be given with benefit to both—telief to the one, moral 
culture to the other, And aid willingly given (little to the 
least worthy and more to the most worthy) will usually be 
so given as not to further the increase of the unworthy. 
For in proportion as the emotional nature becomes more 
evolved, and there grows up a higher sense of parental re- 
sponsibility, the begetting of children that cannot be properly 
reared will be universally held intolerable, If, as we see, 
public opinion in rhany places and times becomes coercive 
enough to force men to fight duels, we can scarcely doubt that 
at a higher stage of evolution it may become so coercive as to 
prevent men from marrying improvidently. If the frowns 
of their fellows can make men commit immoral acts, surely 
they may make men refrain from immoral acts—especially 
when the actors themselves feel that the threatened frowns 
would be justified, Honce with a higher moral nature will 
come a restriction on the multiplication of the inferior. 

In brief, the sole requirement is that there shall be no 
extensive suspension of that natural relation between merit 
and benefit which constitutes justice. Holding, then, that 
this all-essential condition will itself come to be recognized 
and enforced by a more evolved humanity, let us consider 
what ix the goul towards which the restraint on genesis by 
individuation progresses. 





$875, Supposing the Sun’s light and heat, on which all 

terrestrial life depends, to continue abundant for a period 

long enough to allow the entire evolution we are contem- 
cs) 
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plating; there are still certain changes which must prevent 
such complete adjustment of human nature to surromnding 
conditions, ns would permit the rate of multiplication to 
become equal to the rate of mortality, As before pointed out 
(§ 148), during an epoch of 21,000 years cach hemisphere goes 
through a cycle of temperate seasons and scasons extreme in 
their heat and cold—variations which aro themselves alter- 
nately exaggerated and mitigated in the course of far longer 
cycles; and we saw that these cause perpetual ebbings and 
flowings of species over different parts of the Barth's surface, 
Further, by slow but inevitable geologic changes, expecially 
those of elevation and subsidence, the climate and physical 
characters of every habitat are modified; while old habitats 
are destroyed and new are formed. This, too, we noted as 
a constant cause of migrations and of resulting alterations 
of environment. Now though the human race differs from 
other races in having a power of artificially counteracting 
external changes, yet there are limits to this power; and, 
even were there no limits, the changes could not fail to work 
their effects indirectly, if not directly. Tf, as is thought 
probable, thee astronomic cycles entail recurrent glacial 
periods in each hemisphere, then parts of the Earth which are 
at one time thickly peopled, will at another time be almost 
deserted, and vice versa. The geologically-caused alterations 
of climate and surface, must produce further slow re-distr- 
butions of population; and other currenta of people, to and 
from different regions, will be necessitated by the rise of suc 
cessive centres of higher civilization. Consequently, man- 
kind cannot but continue to undergo changes of enyiron- 
ment, physical and moral, analogous to those which they 
have thus far been undergoing. Such changes may eventu- 
ally become slower and less marked; but they can never 
cease, And if they can never cease there can never arise & 
perfect adaptation of human nature to its conditions of exist= 
ence. To establish that complete correspondence between 
inner and outer actions which conatitutes the highest life and 
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greatest power of self-proservation, there must be a prolonged 
converse between the organism and circumstances which re- 
main the same, If the external relations are being altered 
while the internal relations are being adjusted to them, the 
adjustment can never become exact. And in the absence of 
exact adjustment, there cannot exist that theoretically-highest 
power of self-preservation with which there would co-exist 
the theoretically-lowest power of race-production, 

Hence though the number of premature deaths may ulti- 
mately become very small, it can never become so small as 
to allow the average number’of offspring from each pajr to 
fall so low as two, Some average number between two and 
three may be inferred as the limit—a number, however, whieh 
is not likely to be quite constant, but may be expected at 
one time to increase somewhat and afterwards to decrease 
somewhat, according as variations in physical and social con- 
ditions lower or raise the cost of self-preservation. 

To this qualification must be added a further qualifica- 
tion. The foregoing argument tacitly assumes that the 
eauses described will continuously operate on all mankind ; 
whereas a survey of the facts makes it clear that some parts 
only of the Earth’s surface are capable of bearing high 
types of civilization, and consequently high types of Man. 
‘There must remain hereafter, as there are now, considerable 
parts of its surface which can support only groups of nomads, 
or other groups obliged by their habitath to lead simple 
and inferior kinds of life. Only by subjection to the disci- 
pline we have been contemplating can there be produced the 
fully-developed Man; and evidently in many parts of the 
world this discipline will continue to be eluded. Not only 
must we conclude that the varieties of our race now liv- 
ing in desert regions and arctic climates will continue here- 
after to do ao, but we may conclude that always, a8 now, a 
certain proportion of men who are born in civilized societies, 
impatient of the stress which prossure of population puts 
on them, will escape into unoccupied or sparsely-peopled 
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regions, where they can lead unrestrained lives though lives 
of hardehip. Recognizing as we must the probability that 
in common with all other things, humanity will continue to 
differentiate and produce a more heterogeneous assemblage 
of types, we must infer that only in some of the highest of 
these will the antagonism of individuation and genesis have 
the anticipated effects, 

Restricting ourselves to these, then, we may conelade 
that in the end, pressure of population and its accompany- 
ing evils will almost disappear; and will leave a state of 
things requiring from each individual little more than a | 
normal and pleasurable activity. Cessation in the decrease 
of fertility implics cessation in the development of the | 
nervous system; and this implies a nervous system which 
has become equal to all that is demanded of it—has not to do 
more than is natural to it, But that exercise of faculties which 
does not exceed what is natural, constitutes gratification. 

‘The necessary antagonism of Individuation and Genesis, 
not only, then, fulfils the a priori law of maintenance of 
race, from the monad up to Man, but engures final attainment 
of the highest form of this maintenanco—a form in which 
the amount of life shall be the greatest possible and the 
births and deaths the fewest possible. From the beginning 
pressure of population has been the proximate cause of pro- 
gress. It produced the original diffusion of the race. It 
compelled men te abandon predatory habits and take te 
agricultum, Tt led to the clearing of the Earth's surface 
Tt forced men into the social state; made social onganiza- 
tion inevitable; and has developed the social sentiments. Tt 
has etimulated to progressive improvements in production, 
and to increased ekill and intelligence, It is daily thrusting 
us into closer contact and moro mutually-dependent relation: _ 
ships. And after having cansed, a3 it ultimately must, tho 
due peopling of the globe, and the raising of its habitable 
parts into the highest state of culture—after having perfected 
all procéssos for the satisfaction of human wante—after — 
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having, at the same time, developed the intellect into com- 
petence for its work, and the feelings into fitness for social 
life—after having dono all this, the pressure of population 
must gradually approach to an end—an end, however, which 
for the reasons given it cannot absolutely reach. 


$377. In closing the argument let us not overlook the 
eelf-sufficingness of those universal processes by which the 
results reached thus far have been wrought out, and which 
may be expected to work out these future results. 

Evolution under all its aspects, general and special, is an 
advance towards equilibriam. We have seen that the theo- 
retical limit towards which the integration and differentia- 
tion of every aggregate advances, is a state of balance be- 
twoon all the forces to which its parts are subject, and the 
forces which its parts oppose to them (First Prin, $170). 
And we have seen that organic evolution is a progress towards 
a moving equilibrium completely adjusted to environing 
actions. 

It has been also pointed out that, in civilized Man, there is 
going on a new class of equilibrations—those botween his ao- 
tions and the actions of the societies he forms (First Prin. 
$175). Social restraints and requirements are ever altering 
his activities and by consequence his nature; and as fast as his 
nature is altered, social restraints and requirements undergo 
more or less re-ndjustment, Here the organism and the con- 
ditions are both modifiable; and by successive conciliations 
of the two, there is effected a progress towards equilibrium. 

More recently we have seen that in every species, there 
establishes itself an equilibrium of an involved kind between 
the total race-destroying forces and the total race-preserving 
forces—an equilibrium which implies that where the ability 
to maintain individual life is small, the ability to propagate 
must be great, and vice versd. Whence it follows that the 
evolution of a race more in equilibrium with the enyiron- 
ment, is also the evolution of a race in which there is a cor- 
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relative approach towards equilibrium between the number 
of new individuals produced and the number which survive 
and propagate. 

The final result to be observed is that in Man, all these 
equilibrations between constitution and conditions, between 
the structure of society and the nature of its members, 
between fertility and mortality, advance simultancousty 
towards a common climax. In approaching an oquilibrium 
between his natute and the evor-varying circumstances of bis 
inorganic environment, and in approaching an equitibrium 
between his nature and all the requirements of the social 
state, Man is at the same time approaching that lowest limit 
of fertility at which the oquilibriam of population is main- 
tained by the addition of az many infants as there are gub- 
ions by death in old age. But in a universe of which all 
are in motion and every part is consequently subject to 
change of conditions, neither this equilibrium nor any other 
equilibrium can become complete. 








THE END. 
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APPENDIX A. 


SUBETITUTION OF AXIAL FOR FOLIAR ORGANS IN PLANTS. 


I arrexp hore the evidences referrod to in $100. ‘The most 
numerous and striking I have met with among the Umbellifera. 
Monstrosities having the alleged implication, are frequent in the 
common Cow-Parsnep—so frequent that they must be familiar to 
botanists; and wild Angelica supplies many over-developments of 
like meaning, Omitting numerouscases of more or less significance, 
I will limit myself to two. 

‘Ono of them is that of a torminal umbel, in which nine of the 
outer umbellules arc variously trausformed—here a single flower 
being made monstrous by the development of some of its members 
into buds; there sevoral such malformed flowors being associated 
with rays that bear imperfect umbellules; and elsewhere, flowers 








being replaced by umbellules : some of which are perfect, and others 
imperfect only in the shortness of the flower-stalks, The annexed 
Fig. 09, representing in a somewhat conventionalized way, a part of 
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the dried specimen, will give an idea of this Angelica, At @ is 
sown « single fowor pariially changed; inthe/ae Galata riaetall 
4, one of the rays bears « sccondary umbellule; and there may 
be seen at ¢ and d, several such over-developments. 

But the most conclusive instanco is that of a Cow-Parsnep, in 
which a single terminal umbel, besides the transformations 
mentioned, exhibits higher degrees of auch transformations," The 
components of this complex growth are ;—three central umbellules, 
abnormal only in minor points; one umbellulo, external to these, 
which is partially eteigatisia an umbel; one rather more out of the 
contre, which is so far metamorphosed as to be more an umbel than 
an umbellule: nine peripheral slastare firmed hy the development 
of umbellules into umbels, some of which are partially compounded 
still further, Examined in detail, these structures it the fol- 
lowing facts:—1, The innermost umbellale ig normal, save in havit 
a poripheral flower of which one member (apparently 4 petal) is 
transformed into a flower-bud. 2, The next umbellule, not quite so 
central, has one of its peripheral flowers made monstrous by the 
growth of a bud from the fa of the calyx, 3. The third of the 
contral umbellules has.two abnormal outer flowers, One of them 
carries a flower-bud on its edge, in place of a foliar member. 
The other is half flower and half umbellule: being composed of 
three petals, three stamens, and five fower-bude growing where 
the other petals and stamens should grow. 4. Outside of these 
umbellules comes one of the mixed clusters, Its five central 
flowers nre normal, Surrounding these are several flowers trans 
formed in different degrees: one having a stamen partially ehy 
into a flower bud. And then, at the periphery of this mixed 
cluster, come three complete umbellnlex and an incomplete one in 
which some petals and stamens of the original flower remain. 
5. A mixed cluster, in which the umbel-stracture predominates, 
stands next. Its three central flowers are normal. Surround 
thom are five flowers over-developed in various ways, like those 
already described, And on its periphery aro soven complete mm- 
bellules in place of flowers; besides an incomplete umbellule that 
contains traces of the original flower, one of them being 
imperfectly twisted "p into a bud. 6 Of the nine external 
clusters, in which the development of simple into compound um- 
bels is most decided, nearly all present anomalies, ‘Three of them 
have each a central flowor untransformed ; and in others, the central 

* For the information of those who may wish to examine metamorphiones 
of thege kinda, T may here slate thet T Inve found oensty all toe meat 
deserited, In the neighbourhood of the sen—the last-named, om the shore af 
Lacheil, ear Fort William, Whether it is that T haye sought aiore dille 
gently Tor case whon in such localities, or whether it 14 that the seualr 
favours that excessive nutrition whence theve transformations revalt, Lam 
unable to say. 
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umbellule is composed of two, three, or four flowers. 7. But the 
most remarkable faet is, that in sundry of these peripheral clusters, 
resulting from the metamorphosis of simplo umbels into compound 
umbels, the like metamorphosis is carried a stage higher. Some of 
the component rays, are themselves the bearers of compound umbels 





instead of simple umbels. In Fig. 70, a portion of the dried epeci- 
‘men is rey ited. ‘T'wo of the central urnbellules are marked @ 
and 6; those marked cand d are mixed clusters; at ¢ and fare 
compound umbels replacing simple ones; and 9 shows one of the 
rays on which the over-development goes atill farther. 

Does not this evidence, enforced as it is by much more of like 
kind, go far to prove that foliar ongans may be devoloped into axial 
ioe Even were not the transitional forms traceable, there would 
still, I think, be no other legitimate interpretation of the facta last 
detailed, The only way of eluding the conclusion here drawn, is bj 
assuming that where a cluster of flowers replaces a single flower, it 
is because the axillary buds which hypothetically belong to the 
several foliar organs of the flower, become developed into axes: and 
assuming this, is basing an hypothesis on another hypothesis that is 
directly at variance with facts, ‘The foliar orguns of flowers do not 
bear buds in their axils; and it would never have been supposed 
that such buds are typically present, had it not been for that 
mistaken conception of “type” which as led to many other errors 
in Biology. Goethe writes: “ Now as we cannot realize the idea 
of a leaf apart from the node out of which it springs, or of a node 
without a bud, we may venture to infer,” &e, See herean example 
of a method of philosoptizing not uncommon among the Germans. 
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ie ore pee asa nt Pettit 
jem & conception; project thie gent tion bac 
a the objective rae ry Bee ua ieee 
oducts; @; to find it everywhere 5 
Ba fuldtinent where no sctaal fafmant fa viable Jo 
If instead of imposing our ideal formes on Natare, we are con- 
tent to generalize the facts as Nature presents them, we shall find 
no warrant for the Teosphinlogtcel doctrine above enunciated. ‘The 
only conception of ‘ype rile ied by the logic of science, is—that 
correlation of parts which remains constant under all modifications 
of the structure to be defined. ‘To ascertain thix, we must com 
all these modifications, and note what traits are common to: co 
On doing go with the successive segments of n phienognmic axix, 
wo are brought to a conclusion widely different from that of Goethe. 
Axillary buds are almost universally absent from the cotyledons; 
they are habitually present In the asils of fully-developed loaves 
higher upthe axis; thoy arc often absont from leaves that are 
to the flower; they are nearly always absent from the bracts; absent 
from the sepals; absent from the petals; abseut from the stamens; 
absent from the carpels. Thus, out of vight leading forms which 
folin assume, one bns the axillary bud and seven are withont it, 
With these facts before us, it seems to me not difficult to “ realioe 
the idea” “of a node without a bud.” Tf we are not 
by a foregone conclusion, the evidence will lead us to infer, that 
each node bears a foliar appendage and may bear an axillary bud, 
Even, however, were it a that the typical segment of a 
Phwenogam includes an axil as bud, which must be = 
always potentially present, no legitimate counter-int 
the montrosities above described could thence be drawn. If when 
an umbellule is developed in place of « flower, the explanation ix, 
that its component rays aro axillary to the foliar of the 
flower superseded ; we may fairly roquire that these foliar organs to 
which they are axillary, shall be shown. But there are none, In 
the last specimen figured, the inner rays of each such umbellule are 
wituout Wenn } most of the outer rays are also without them; and 
in one cluster, only a single ray has a bract at its point of ori 
‘There is a rejoinder rendy, however: the foliar organs are said 16 
be suppressed. Though Goethe could not “ realize the idea” “of 
a node without a bud,” those who accept his typical form appear to 
find no difficulty in realizing the idea of an axillary bud without 
anything to which it ix axillary. Bat letting this pass, su wo 
tak what le the warrant for this asmmod soppremieb, xillary 
bto 














buds normally occur where the nutrition is hig! sweaty 

fally-developed leaves; and when axillary buds are de 
resent in flowers, they accompany foliar organs that are more 

Hf ithas tanil™clways groocor if not ulways lasek ae 
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the normal and the abnormal axillary buds, are alike the con. 
comitants of foliar organs coloured by that chlorophyll which 
habitually favours foliar development. How, then, can it be sap- 

od that when, out of a flower there is developed a cluster of 
Sircebiaing ‘rays, the implied excess of nutrition causes the foliar 
organs to abort!” It a true that very generally in bravehed iu- 
Horescence, the bracts of the several flower-branches are very small 
(their smallness being probably due to that defective supply ot 
certain chlorophyll-forming matters, which is the proximate cause 
of lowering); and it is true that, under these conditions, u flower 
ing axis of considerable size, for the development of which chlaro- 
phyll is lows needful, grows from the axil of a dwarfed leaf. Bat 
‘the inference that the foliar organ may therefore be entirely sup- 
presced, seems to ine irreconcilable with the fact, that the foliar 
organ is always Staten to some extent defore the axillary bud 
appears, Until it has been shown that in some caus & lateral bud 
first appears, and a folinr organ afterwards grows out honcath it, to 
form its wxil, the conception of an axillary bud of which the foliar 
ongan is suppressed, will remain at variance with the established 
truths of development. 





The above originally formed a parca of $190, T havo trans- 
ferred it to the Appendix, partly because it contains too much 
dotail to render it fit for the general angument, and partly because 
the interpretations being open to some question, it seemed unde- 
sirable to riak compromising that argament by including them, 
‘The criticisms passed apon these interpretations have not, how- 
ever, sufficed to convince me of their incorrectuess, Unfortu- 
nately, Ihave since had no opportunity of verifying the above 
statements by microscopic examinations, aa I had Tatended. 
Thongh unable to enforce the inference drawn by further facts 
more minutely looked into, | may add some arguments based on 
facts that are well known. One of these is the fact that the so- 
called axillary bud is not universally axillary—is not universally 
seated in the anglemade by the axis aud au appended foliar organ. 
In certain plants the axillary bad ix placed fair eg 
half-way between it and the succeeding node. Sothnt not only may 
a segment of a phiwnogamic axis be without the axillary bud, but 
the axillary bud, when present, may be removed from that place in 
which, necording to Goethe, it necessarily exists. Another fact not 
congruous with the current doctrine, is the common occurrence of 
i adventitious  buds—the buds that are put out from roots and from 
old stems or branches bare of leaves, The name under which they are 
thus classed, is meant to imply that they may be left out of conside- 
ration. Those, however, who have not got a theory to save by 
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putting anomalies out of sight, may be inclined to think bd = 
occurrence of buds where they are avowedly um 

nodes, and are axillary to nothing, tells very much aera 
sumption that every bud implies a node and a correspot foliar 
organ, And they may also see that the development of these ad- 
ventitious buds at places where there is excess of nutritive mate- 
rials, favours the view above set forth. For if a bud thus arises at 





ap 
ornamental See in which some of the single flowers of the 
umbel were developed into groups of flowers thus :— 





“Tn the case where the transformation was fally ben) me 
mobellale had siz flowers, answering to the siz petals of 
original flowers. In other the transformation was Soe 
plete. There were instances where but fwo of the petals were 
developed into flowers; nnd the other petals remained soshangea: 
Others in which three were developed; and others where four 
were developed. Tn some cases, too, the development of a 
into a flower was imperfect, in the absence of the flower om 
the flowers were sessile in the place where the petals would 
have been, In one case there was an imperfect flower senile: 


anothor imperfect flower on a short stalk; and three perfect 
flowers on long stalles, 
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“T was in some doubt whether the petals or the stamens wero 
developed. In cases of imperfect transformation the petals at 
‘the base of the umbellule seemed to stand in the position of 
calyx or involucrum, giving the idea that the stamens were de- 
vole Tato lowers’ “But in the case where there were ate lowers 

id there were no petals at the base. 
Pint it was a mattor of extra nutrition was shown by this:— 
. That they were cultivated as garden flowers. 
“3! ‘That where there was one perfectly developed umbellule, 
it was the only one in the umbel. 

“3, That where there were throe umbellules they wero all im- 

fect, 
at 4. ‘That in this imperfect umbellule the perfect flowers were 
on long stalks and the imperfect ones sessile, 
“8. ‘That the umbellules were on stalke both longor and 
thicker than those of single flowers." 


devel 











Concerning the foregoing ment at large an expert 
wie The abenraetiies you describe certainly show that 
sn axis may arise abuormully in the place of a normal lenf- 
structure, and every modern botanist would be in agreement 
with you in your criticiem of the older form of the doctrine of 
axillary buds, I think we are largely emancipated from tho 
doxtrous juggling with the arrangements and relations of organs 
which used to pass current as morphology. 

“You have quoted sufficient evidence in the text (§ 100) to 
establish the conclusion that no sharp line can be drawn between 
axes and leaf-structure; and a very groat deal more could be 
added in the same sonse. Petioles for instance, exist which the 
most highly trained histologieal observer could not distinguish 
from stems. 

“ But [ must demur to the suggestion that the replacement of 
‘one by the other is primarily a question of nutrition, We are 
as ignorant as ever of the proximate cause of the production 
of a leaf or a shoot at a certain spot in meristematic tissue,” 

To this last remark I had at first made only the reply that the 
Hse exhibiting the abnormalities were in all cases excessively 

xuriant in their growths; but to this I am now able to adda 
more definite reply. The expert from whom I have just quoted, 
had read this appondix before there had boon made to it the 
above addition describing the flower from Dieppe; and L was not 
myself aware, until T came to read over this Aalivion, what clear 
evidence it contains that extra nutrition was the canse of these 
transformations of foliar structures into axial structures; but 
the above paragraphs 1, 2, 3, 4, 5, contain different evidences 
conspiring to prove this.] 
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A CRITICISM ON PROF, OWEN’S THEORY OF THE 
‘VERTEBRATE SKELETON, 


[From the Burrisn & Foneios Mxwico-Camenateat. Review woe Or, 18S} 


1, On the Archetype and Homologice of the Vertebrate Skeleton, 
By Ricnann Owns, #.R.S.—Loniom, 1848, pp. 172, 


Il. Principes d° Ostéoloyie Comparée, ou Recherches wr I Arch’ 
type it lee. Homologiee du Squeeite Vertibre. Par Rionans 
ex, — Paris, . 


Principles of Comparative Osteology ; or, Researches on the Arche- 
type and the Homologies of the Vertebrate Skeleton. By Riomann 
Owsw. 


IIT. On the Nature 5 fmene A Discourse delivered on Friday, 
February 9, at an Evening Meeting of the Royal Institution 
Great Britain, By Ricuano Owns, ¥.R.S—Zeadon, 1849. 
pp. 119. 


r another proves his position is a widely different 
‘our own. To establish a general law res 
ledge of the phenomena to be generalized ; but to 
docide whether an alleged general law is established by the evidences 
assigned, requires merely an adequate reasoning faculty. i 

is such # decision easy where the premises do not warrant con- 
clusion. It may be dangerous for one who bas but litthe previous 
acquaintance with the facts, to say that a generalization is demon- 
strated ; seeing that the argument may be one-sided: thore may be 
many facts unknown to him which disprove it, Bat it is not 
dangerous to give a negutive verdict when the alleged demoustra- 
3 
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ton is manifestly insufficient. If the data put before him do not 
bear out the inference, it is competent for every logical reader to 
say 80, 

From this stand-point, then, we venture to criticize some of 
Professor Owen's oxteological theories. For his knowledge of 
comparative osteology we have the highest respect. We believe 
that no living man has so wide and detailed an acquaintance with 
the bony stracture of the Vertebrata, Indeed, there probably has 
never boen any one whose information on the subject was so neurl; 
oxhauative, oreover, Wo confess that nearly all we know of this 
department of biology has been learnt from his lectures and writ- 
ings. We pretend to no independent investigations, but eee 
such knowledge of the phenomena ax he has furnished us with, 
Our position, then, is such that, had Professor Owen simply enun- 

i his generalizations, we should haye accepted them on bis 





‘ity. But he has brought forward evidence to or them, 
By wo doing he has tacitly appealed to the judgments of his readers 
and hearers—has practically said, “Hero are the facts; do they 
not warrant these conclusions!” And all we daa to do, is to 
consider whether the conclusions are warranted by the facts brought 
forward, 

Let us first limit the scope of our criticisms, On that division 
of comparative osteology which deals with what Professor Owen 
distinguishes as “special homologies," we do not propose to enter, 
‘That the wing of a bird is framed upon bones essentially parallel to 
those of a mammal’s fore-limb; that the cannon-bone of a horse's 
log anawers to the middle metacarpal of the human hand; that 
various bones in the skull of a fiah aro homologous with bones in 
the skull of a man—these and countless similar facts, we take to be 
well established. It may be, indeed, that the doctrine of special 
homologies is at present carried too Tt may be that, just as 
the sweeping generalization at one time favoured, that the embryonic 
phases of the higher animals represent the adult forms of lower 
‘ones, has been hunt untrue in a literal sense, and is acceptable 
only in a qualified sense; so the sweeping generalization that the 
skelotons of all vertebrate animals consist of homologous parts, 
will have to undergosome modification. But that this generaliza- 
ton Is stantially true, all comparative anntomists agree. 

‘Tho doctrine which we aro here to consider, is quite a separate 
one—that of “general homologies.” The truth or falkity of this 
may be decided on quite apart from that of the other. Whether 
certain bones in one vertebrate animal's skeleton correspond with 
certain bones in anothor’s, or in every other's, ie one question; and 
whether the skeleton of every vertebrate animal is divisible into a 
series of segments, each of which is modelled after the same type, 
is another question. While the first is answorod in tho affirmative, 

ot 
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the last mi be xosnered in the negitire ee ee ri 
Fiaeoniswly, We akoall be anew in the negative. Lad 


In 80 far aa his theory of the ekeloton ia concerned, Professor 
Owen is an avowed disciple of Plato, At the conclusion of his 
Archetype and Homoloyies of the Vertebrate Skeleton, he quotes ap- 
provingly the Platonic hypothesis of idéa, “a sort of models, or 


moulds in which matter is cast, and which produce the 
same number and diversity of Specie ‘The ver form in 
meral (see diagram of the Archetypus), or clan the form of each 


ind of vertebrate animal (see p. 172, whore this seems implied), 
Professor Owen conceives to cxist as an “idea—an “ arche- 


From the title given to his figure of the “ideal typical 


this 
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f unity of organteation,”” and which ix aude 





holds, as every reader would suppose from the gonoral tenor of hit 
reasouings, that not only does there exist an archetypal or ideal 
vertebrate skeleton, but that there also exists an archetypal or 
ideal vertebra; then he carries the Platonie hypothesis much 
further than Plato does, Plato's argument, that before any species 
of object was created it must have existed as an idea of the 

Intelligence, and that hence all objects of such species must be 
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copies of this original idea, is tonable enough from the avthropo- 
morphic point of view. But while those who, with Plato, think fit 
to base their theory of creation upon the analogy of a carpenter 
designing and making a table, must yield assent to Plato's inference, 
they are by no means committed to Professor Owen's expansion of 
it, To say that before creating a vertebrate animal, God must 
have had the conception of one, docs not involve saying that God 
gratuitously bound himself to make « vertebrate animal out of ea 
ments all moulded after one pattern. Ax there is no conceivabl 
advantage in this alleged adhesion to a fundamental pattern—as, 
for the fulfilment of the intended ends, it is not only needless, bat 
often, as Professor Owen argues, less appropriate than some other 
construction would be (see Nature of Limbs, pp. 3% 40), to sup- 
we the creative processes thus regulated, is not a little startling. 
peep egret conceptions are x0 anthropomorphic as to think 








they honour the Creator by calling him “the Great Artificer,” wil 
woarcely agcribe to him a proceeding which, in a human artificer, 
they would consider a not very worthy exercise of ingenuity. 
But whichever of these alternatives Professor Owen contends 
for—whether the typical vertebra fs that more or less crystalline 
ped which ogseous matter ever tends to assume in spite of “the 
da or organizing principle,” or whether the typical vertebra is 
itself an “ia or organizing principle"—there is alike implied 
the belief that tho typical vertebra has an abstract existence apart 
from actual vertebra. It ia a form which, in every endoskeleton, 
strives to embody itself in matter—a form which is potentially 
present in each vertebra; which is manifested in each vertebra 
with more or less clenrness; but which, in consequence of antago- 
nizing forces, is nowhere completely realized, Apart from the 
philosophy of this hypothesis, let us here examine the evidence 
which is thought to justify it. 


And first as to the essential constituents of the “ ideal typical 
vertebra.” Exclusive of “diverging appendages” which it “may 
also support,” “it consists in its typical comploteness of the follow- 
ing clomenta and parts";—A centrum round which the rest are 
arranged in asomewhat radiate manner; above it two neurapophyses 
—converging as they ascend, and forming with the centrum a trinn- 
guloid space containing the neural axis; a neural spine, surmounting 
the two neurapophyses, and with them completing the neural arch ; 
below the centrum two hamapophyses and a harmal spine, forming ® 
hwmal arch similar to the neural arch above, and enclosing the 
hwmal axis; two plewrapophyser radiating horizontally from the 
sides of the centrum; resi two parapophyses diverging from the 
centrum below the pleurapophyscs, “These,” says Professor 
Owen, * being usually developed from distinct and indopondent 
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centres, I have termed ‘autogenous elements.’ The retaining 
elements, which he classes as “exogenous,” because they " shoet 
out a8 continuations from some of the preceding elements,’ are 
the diapophyses diverging from the upper part of the centrum as 
the parapophyser do below, and the eyga see which prow oun 
&f tha distal enda of the usarapophyses eat Geruatek Vail 
If, now, these are the constituents of the vertebrate segment “iy 
its typical complotencss;” and if the vertebrate skeleton consiats 
‘of a succession of such segments; we ought to have in these eon 
stituents, roprescntatives of all the elements of the vertebrate 
akelcton—at any rate, all its essential elements, Are we then to 
conclude that the “diverging appendages,” whieh Professor Owen 
regards as rudimental limbs, and from certain of which he considers: 
actual limbs to be developed, are typically loss important than some 
of the aboverspecitid exogenous pars—aay the sygapophyaee 
“That the meaning of this question may be understood, it will be 
needful briefly to state Profesor Owen"s theory of The Nature of 
Limbs ; and such criticisms as we have to make on it must be fi 
cluded in the parenthesis, In the first place, he aims to show that 
the seapalar and pelvic archos, yiving Insertion to the fore and hind 
limbs respectively, are displaced and modified hmmal arches, 
originally belonging in the one case to the occipital vertebra, and ia 
the other case to some trunk-vertebra nof specified. In support of 
this assumption of aleplacam carried in some cases to the extent 
of twenty-seven vertebra, Professor Owen cites certain acknow~ 
ledged displacements which oecur in the human skeleton to the ex~ 
tent of half a vertobra—a somewhat slender justification. But for 
roof that sueb a displacement has taken plave In the scapalar arch, 
E chiefly relies on the fact that in fishos, the pectoral Tus, which 
ure the homologues of the fore-limbs, are directly articulated to 
certain bones at the back of the head, which he alleyes are party 
of the occipital vertebra, This appeal to the class of fishes is 
avowedly made on the principle that these lowest of the Verlebrata 
approach closest to archetypal regularity, and may therefore be 
expected to show the original relations of the bones more mearly. 
Simply noting the facts that Professor Owen does not give us any 
transitional forms between the alleged nermal position of the 
scapular arch in fishes, and its extraordinary displacement in the 
higher Vertebrata ; and that he makes no reference to the embryonic 
or Vertebrata, which might be expected to ex- 
hibit the progressive displacement; we 8 on to remark that, in 
the ease of the pelvic arch, he abandons his principle of appealing 
to the lowest vertebrate forms for proof of the typical structure. 
In fishes, the rudimentary pelvis, widely removed from the spinal 
column, shows no signs of having belonged to any vertebra; and 
hore Professor Owen instances the perennibranchiate Batrachia as 


























hases of the hi, 





















Ss OS | 





A CRITICISM ON PROF, OWENS THEORY, 583 





the typical structure : remarking that “mammals, birds, 
and reptiles show the rale of connexion, and fishes the bet 
‘Thus in the case of the scapular arch, the evidence by 
fichss is held of great weight, of type 1; 
while in the ease of the pelvle arch, thelr evidence jected a8 
exceptional But now, having, a8 ho considers, shown these 
bony frames to whick the limbs are articulated are modified hamal 
archos, Professor Owen points out that the humal arches habitually 
beur cortain * Pac appondages ;"” and he aims to show that 





the “diverging appem ” of the scapular and pelvic arches re 
spectively, are devalopad tut dan fore aed bina Uisbes | Teaersare 
several indirect ways in which we may test the probability of this 
conclusion. If those diverging appendages are “rudimental limbs” 
—" future possible or potential arms, legs, wings, or feet," wo may 
fairly poet them always to bear to the hewnmal arches a relation 
such as the limbs do. But they by no means do this. “As the 
ey Fy probe - tail, these appendages ‘are a transferred 
ually from the pleurapophysis to the physis, or even to 
the centrum and neural arch.” (Arch. a Hom., p. 98.) Again, 
it might naturally be assumod that in the lowest vertebrate forma, 
where the limbs are but little developed, they would most clearly 
display their alliance with the appendages, or “rudimontal limbs; 
by the similarity of their attachments, Tnstead of this, however, 
Professor Owen 's drawings show that whoreas the apnea are 
habitually attachedo the plearapophyses, the limbs, in their earliest 
and lowest phase, alike in fishes and in the Zepidosirea, are artien- 
lated to the by aor father Most anomalous of all, however, is 
the proceas of development, When we speak of one thing as being 
developed ont of another, we imply that the parts next to the germ 
are the first to appear, and the most constant. Tn the evolution of 
© tree out of m seed, there come at the outsct the stom and the 
radicle; afterwards the branches and divergent roots; and still 
Inter the branchlets and rootlets ; the remotest parts being the latest 
and most inconstant, Tf, then, « limb is developed out of a * di- 
verging appendage” of the hwmal arch, the earliest and most con- 
stant bones should be the humeras and femur; next in order of 
time and constancy should come the coupled bones based on these ; 
whilo tho terminal groups of bones should be the last to make their 
appearance, and the most Hable to be absent. Yet, as Professor 
Owon himself shows, the actaal mode of development is the very re- 
verse of this. At p. 16 of the Archetype and Homologies, he says >— 
Tho carlicr stages in tho development of all locomotive extremities are 
permanently retained or represented In the paired fins of fishes. First the 
gacental part of the member, the hand oF foot, appears: then the forearm or 
Ing. both mach shortened, flattened, and expanded, ax In all Bx and all em 
bryonic rudiments of limbs: finally conve the humo regent 3 
but this stagu T hare not foun) atialood Im wny fieh." 
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y ; gene. 
rally, and in up the success shi of on 
biyey he last-dereleped und loast condant division ofthe Hikes 
that basic one by which it articulates with the hmmal arch. It 


‘seems to us that, 80 fur from provi hi Profess>+ 
‘Owen's own facts tend to show that limbs do not to the 
vertebra at all; that they make thei rat appearance erally; 
that their dovelopment ia centripetal; and they fixed 


- such parts of the vertebrate axis as tho requirements of the case 
letormine, 

But now, ending here this digressive exposition and criticism, 
and granting tho position that limbs “aro developments of costal 
appendages,” Ict us return to the question above put—Why are not 
ee appendages included as elements of the * ideal ver~ 
tebrai” It cannot be beenuse of their comparative inconstaney ; 
for judging from the illustrative figures, they secm to be as con 
stant as the hemal spine, which is one of the so-called autogenous 
elements: in the cgies of the Archetypus, the ap) is re- 
presented as attached to every vertebrate segment of the head and 
trunk, which the heal spine is not, It cannot be from theireom- 
parative unimportance; seeing that as potential limbs they are 
essential parts of nearly all the Vertebrata—much more obviously 
so than the dispophyses are. If, as Professor Owen argues, * the 
divine mind which planned the srsbeirze algo foreknew all its 
modifications ;"" if, among these modifications, the des 
of limbs out of diverging sppendages was one Intended te 
terize all the highor Vertebrata ; then, surely, these diverging ap- 

endages must have been parte of the ideal typical vertebra 
or, if the “ideal typical vertebra” is to be understood as a crystal- 
lino form in antagonism with the organizing principle; then why 
should not the appendages be included among its various offshoots 
We do not ask this question because of its intrinsic importance. 
Woeask it for the purpose of ascertaining Profesor Owen's method 
‘of determining what are true vertebral constituents. He presents 
us with a diagram of the typical vertebra, in which are included 
_cerlaia ones afd from which are excluded certain ouaccaI Emm 
lntive constaney ix the eriterion, then there arises it 
What dogree of constancy entitles a bone to be included? If re- 
Intive importance is the criterion, there comes not only the question 
—What degree of importance suffices! but the farther 
—How is Importance to be measured ! If neither of these is the 
criterion, then what is it? And if there is no criterion, docs it 
not follow that the sclection is arbitrary ? 




















‘This question serves to introduce # much wider one>—Has the 
“ideal typical vertcbra” any essential constituents at all! Itmight 
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naturally be supposed that thongh some bones are so rare! 
devel Manisha eae ees ling, and tl edi 
are included are very apt to be absent, yet that certain others are 
invariable: forming, as it wore, the basis of the ideal type. Let 
tus see whether the facts bear ont. this supposition. Tn his “sommary 
of modifications of corporal vertebre” (p, 96), Professor Owen 
says—“ Tho hamal spine is much leas constant as to its existence, 
and is subject to a much greater © of variety, when ‘ttt, 
than its vertical homotype above, which completes the neural arch.” 
Again he says—*Tho Acmapophysee, as osseous clements of a 
vertebra, are less constant than the plourapophyses.” And again— 
“The pleurapophysea are leas constant elements than the neurapo- 
physos.” And again— Amongst air-broathing vertebrates the 
plew shyvea of tho trunk ermens, re present only in those spe- 
cies in which the septum of the heart's ventricle is complete and im- 
perforate, and here they are exogenous and confined to the cervical 
and anterior thoracic vertebra.” And once more, both the neura- 
pophyses and the neural spine “ are absent under both histological 
conditions, at the end of the tail in most air-breathing vertebrates, 
where the segments aro reduced to their central elements.” That 
is to say, of all the periphoral elements of the “ ideal typical vor- 
‘tobra,” there is not ono which is always present, It vail bo ex- 
foe, however, that at any rate the centrum is constant: the 

me which “forms the axis of tho vertebral column, and com- 
monly the central bond of union of the peripheral clomonts of the 
vertebrate (p. 97), is of course an invariable clement, No; not 
even thin ix essential. 


‘Tho contrums do not pass beyond the primitive siage of the notochord 
(undivided colamn) in the existing lepidosirn, and they rvtained the like 
Tudimental state In every fish whose romaine faye been found in strata 
enrlicr than the permian wra in Geology, though the number of yertebrie Ix 
frequently fadicated in Devouian and Silurian ichthyolites by the Cosailized 
neur- and himapophyses and thoir epines” (p, 96). 


Indeed, Professor Owen himself remarks that “the nenrapo- 
physes are moro constant as ossqous or cartilaginous elements of the 
yertebre than the centrums” (p, 97). Thus, then, it that 
the several elements inoluded in the “ ideal typical verte! have 
various degrees of constancy, and that no one of them ix essential. 
‘There is no one part of a vertebra which invariably answers to its 
exemplar in the pattern-group, How does this fact consist with the 
hypothesis! ifthe Creator saw fit to make the vertebrate skeleton 
oatot aseries of segments, all formed on essontially the same model 
for tho maintenance of the type, one of these bony segments 
is in many cases formed out of a coalesced group of pieces, where, 
ax Professor Owen argues, a single pleco would have served as well 
or botter; then we ought to find this typical repetition of parts 
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uniformly manifested, Without any clnge of shape, it would ob- 
viously have been quite possible for every actual vertebra to have 
contained all the parts of the ideal ie where ay 
were not wanted. Evon onc of the terminal bones of a . 
tuil might have been formed out of the nine autogenous pieces, 
united by suture but Seg of identifiention. Ax, however, 
there is no such aniform typical repetition of it seems to as 
that to account for the typical repetition which does occur, by 
posing the Crestor to have fixed on a pattern-vertebra, is to aseri 
to him the inconsistency of forming a plan and then abandoning it, 
If, on the other hand, Professor Owen moana that the * 
typical vertebra” is a crystalline form in akon with “ the 
iden or organizing prineiplo;” then we tight fairly expect to find 
it most clearly displaying its erystallino charactor, and its full eom- 
plement of parts, in ‘those places where the orgs ing principle 
may be presumed to have “subdued” it to the smallest © 
Yet in the Vertebrata generally, nnd even in Professor Owen's 
Archetypus, the vertebra of the tail, which must be considered aa, 
if anything, loss under the influence of the organizing principle 
than those of the trunk,do not manifest the ideal form more eom- 
pletely. On the contrary, as we pes the end of the tail, the 
successive segments not only lose their remaining typical 
but become as uncrystalline-looking a can be conceived. 








Supposing, however, that the assumption of suppressed or unde= 
veloped elements be ted—supposing it to be consistent with 
the hypothesis of aa * ideal typical vertobra,” that the constituent 

arts may severally be absent in greater or less number, sometimes: 
jeaving only « single bone to represent them all; may it not be that 
such parts as are prosont, show their respoctive typical natures by 
some constant character: say thoir mode of ossification ? 

To this question some parts of the Archetype and Homologies 
seem to main “Yes; " while others clearly aan io." Criticix- 
ing the opinions of Geoffroy St. Hilaire und Cuvier, who agreed in 
thinking that ossification from a separate centre was the test of a 
separate bone, and that thus there wore as many elementary bones 
in the skeleton as there were centres of oxsification, Professor Owen 
points out that, according to this test, the human femur, whieh is 
osiitied from four centros, must be roarded as four bones s while 
the femur in birds and reptiles, which is ossified from a single 
contre, must be regarded as.asingle bone. Yet, on the other hand, 
he attaches weight to the fact that the skull of the human fastua 
presents ‘' the same ossific centres” as do those of the embryo kan- 
garoo and the young bind, (Nature of Limb, p. 40.) And at p 
104 of the Homologies, after giving a number of instances, he supe — 


“Those and the like correspondences between the polnts of ossification of 
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the human (avtal skoleton, and the soparate bonos of the adult skolotons of 
{nforior animals, are pregnant with interest, and rank among the moat atxiking 
illustrations of unity of plan in the vertebrate organization. 

It is true that on the following page he seeks to explain this 
seeming contradiction by distinguishing 


“ botween those centres of ossification that have bowological relations, and 
those that have teleological ones—i.e., between tho separate poluts of oselfica- 
tion of a human bon vertebral cloments, often tly dis- 
{inet bonos in the nimals; and the separate poluts 

‘signification, facilitate the progress of osteogens, and 

final cauac the well-being of the growing anim: 


Bat if there are thus centres of ossification which haye homo- 
logical meanings, and others which have not, there arises the ques- 
tion—How are they always to be distinguished! Evidently in- 
dependent ceslffeation ceases to be a homological test, if there are 
indapendect ossifications that haye nothing to do with the homo- 
logies, And this becomes the more evident when we learn that 
there are cases where neither a homological nor a teleological 
meaning can begiven, Among various modes of ossification of the 
centrum, Professor Owen points out that “the body of the human 
atlas is somotimes ossified from two, rarely from three, distinct 
centres placed side by side" (p. 69); while nt p. 87 he says:—" In 
osseous fishes 1 find that the centram is usually ossified from six 

‘ints.”” It is clear that this mode of ossification has here no homo- 
Jogieal sigulfcation and it would Ge difficult to give’ muy tele: 
logical reason why the small centram of a fish should have moro 
centres of ossification than the large centram of a mammal. The 
truth is, that as a criterion of the identity or individuality of a bore, 
mode of owification ix quite untrustworthy. Though, in his “ ideal 
typical vertebra,” Professor Owen delineates and classifics ax sopa- 
ric “autogenous” elemonts, those parts which are “usually 
developed from distinct aud independent centres; and though 
doing 0 he erecta this characteristic into some sort of eriterion ; 
yet his own faets show it to be no ertarion. “The parapophysee 
are classed among the autogenous clements; yet they are auto- 
genons fn fishes alone, and in these only in the tronk vertebrie, 
whilo in all air-bronthing vertebrates they are, when presont at all, 
exogenous. ‘Tho nourapophyses, again, "lose their primitive in 
dividuality by various kinds and degrees of confluence :" in the 
tails of the higher Vertebrata they, in common with the neural 
spine, become exogenous, Nay, even the centrum may lose its 
autogenous character. Describing how, in some bairachians, 
“the oxsification of the centrum is completed by an extension of 
bone from the bases of the neurapophyses, which effects also 
coalescence of these with the centrum,” Professor Owen adds: — 
“In Pelobates fuscus and Pelobates cultripes, MOllee found the en- 
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tire centrum ossified from this source, without eras c 
points ‘of onslfeation (p. 88). That is to say, the « contrain is , 


these cases an exogenons procoss of the rh, We see, 
then, that these sevealled. typical elements of Sonata hast pe 
constant developmental character by which they eau be identified. 
Not only are they undistinguishable by any specific test from. 
bones not included as vertobral clements; not only do they fail to 
show their typical characters by their constant n Preeeness but, 
when present, they exhibit no persistent marks of individuality. 
‘The central element may be oxsified from six, four, three, or 
points; or it may have no separate point of ossification at all: 
and similarly with various of the peripheral elements. The whole 
mp of bones forming the “ideal typical vertebra" oe heh) 
we their one or more’ ossific centres; or thoy may, as in & mam- 
mal’s tail, lose their individualitics in a single bone ossified from 


‘one or two points, 


Another fact which soema vory difficult to reconcile with the 
hypothesis of an “ideal typical vertebra,” is the not juent 
presence of some of the typical elements in duplicate. Not onls, 
ag we have seen, may they severally be absent, but they may sevo- 
rally be present in greater number than thoy should 
we see, in the ideal diagram, one centrum, two new 
two pletirapophyses, two hiemapophyses, one neural spi ‘one 
hemal spine, we naturally expect to find them always to 
cach other these numerical relations. Though we may not be 
greutly surprised by the abseuce of some of them, we are 
repared to find others multiplied. Yet such ensos are common. 
‘hue the neural spine “is double in the anterior vertebra of somo 
fishes” (p.98). Again, in the abdominal region of extinct satrines, | 
and in crocodiles, “the freely-suspended hiemnpophyses are om: 
pounded of two or more overlapping bony pieces 100). Yot 
‘ain, at p. 00, we read—'*I have observed some of the expanded: 
pleurapophyscs in the great Testudo elephantopus oxsified From two 
centres, and the resulting divisions continuing distinet, but united — 
by suture.” Once more “ the neurapophyses, which do not advance 
beyond the cartilaginous stage in the sturgeon, consist in that fish 
of two distinct pieces of cartilage ; and the anterior, Plourapophy 
also consist of two or more cartilages, set ond on ond 1). 
And elsowhere referring to this structare, he saya:— 

“Vegetative repetition of perivertobral parte not only manifests Itself in 
the composite neurspophyses and pleurapophyses, but in a small mosessory 
{interneural) cartilage, at the fore and back part of the base of the nour 
popbysis; and ly a similar (larerhuemal) one at the fore and back part of 
most of the parapoptryres ” (p, 87). 


‘Thus the neural nnd fuomal xpines, the neurnpophyses, the pleu- | 











e/a ir 


A CRITICISM ON PROP, OWEN'S THEORY, 509 


rapophyses, the hmrmnapophyses, may severally consist of two or 
tore pieces, This is notall; the like is trac even of the centrams, 

“In Heptanchus (Spuatus cinereus) the vertebral centres are feebly und 
vegetatively marked page lender rings of bard ence ts the 
notochordal caprule, the number of vertebrw being more definitely indicated 
hy the nearapophysoe and parmpoptiyses. . .. In tho piked dogstirh 
(Acanthing) awd the spotted og-ish (Sryllitw) the vertebral contees coil. 
ldo it: number with the neural mrchea™ (p. 87). 

Is it not strange that the pattern vertebra should be so little 
adhered to, that cach of its single typical picces may be trans 
formed into two or three t 

But there are still more startling departures from the alleged 
type. The numorical relations of the elements vary not only in 
this way, but in the opposite way. A given part may be present 
not only in greater number than it should be, but also in lew. In 
the tails of homocercal fishes, the contrums ‘are rendered by cen: 
tripotal shortening and bony confluonce fewer in number than the 

ersistent, neural, and hemal arches of that part"—that is, there 
only a fraction of a centrum to cach vertebra. Nay, even this 
is not the most hetoroclite structure. Paradoxical as it may soem, 
there are cases in which the same vertebral clement is, considered 
under different aspects, at once in excess and defect. Speaking 
of the hwtal spine, Professor Owen says:— 

“Tho horizontal estensicn of this vertebral clement 1s. sometimes accom 
division, of ia other wants, it is ossified from two 
nines; this ie eoen in the development of parte of the human 
the same vegetative character ia constant In. the broader thoracie 
vines of bicds; though, sometimes, aa eg, in the atruthionidi, 
me eatends from the ame lateral centre lengthine—i.e and 

ards evllfiny, the connate carkilaginons hamalopue of four 
‘or fine harmal spince, before these finally evalace with thetr feitows at the median 
fine” (p. 101). 

So that the sternum of the ostrich, which according to the hypo- 
thesis, should, in its cartilaginous stage, have consisted of four or 
five transverse picces, answering to the vertebral segments, and 
should have been ossified from four or five centres, one to each 
cartilaginous piece, shows not a trace of this steacture; but in- 
stead, consists of two Longitudinal piccos of cartilage, oach ovsified 
from one centre, and finally coalescing on the median line. These 
four or five hwmal spines have at the same time doubled their in- 
dividualitive transversely, and entiroly lost thom longitudinally ! 






























‘There still remains to be considered the test of relative position, 
Tt might be held that, spite of all the foregoing anomalies, if the 
typical parts of the vertebme always stood towards each other in 
the same relations—always preserved the same connexions, some- 
thing like a case would be made out. Donbtless, relative poxition 
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isan important point; and it is one on which Professor Owen mani- 
foatly aoe great dependence, In his discussion of “moot cases 
of special homology,” it ia the gencral test to which he mppeal 
The typical natures of the alisphenoid, the mastoid, the orbite 
sphenoid, the prefrontal, the malar, the sqnamoxal, dec, he feter- 
mines almost wholly by reference to the adjacent nervé-perforntions 
aud the articulations with neighbouring boas to pp. 19 to 72): 
the general form of the argument being—This bone is to be classed 
as such or auch, decause it is connected thns and thas with these 
others, which are soand0. Moreover, by putting forth am “ideal 
typical vertebra,” consisting of a number of clements 

towards each other in certain definite arrangement, this persistency 
of relative position is manifestly alloged. ‘Tho essential attribmic 
of this group of bones, considered as a typical group, is the cop- 
stancy in the connexions of its parts; change the connexions, and 
ype is changed. But the constancy of relative poxition thus 
tacitly nsserted, und appealed to ms a conclusive test in “moot 
cases of special homology,” is clearly negatived by 

Owen's own facts. For instance, in the “ ideal typical vertebra” 
the hwmal arch is represonted as formed by the two hamnapoph yee: 
and the hwmal spine; but at p. OF we are told that 

"The conteacted husmnal arch in the caudal rogion of the may be 
formed ‘by different clements of tho typical wortbra:. 4g ty pee 
pophysos (fishes genorally); by the pleurapaphysex (lepidoxiten) ; by 
parapophyses and pleurapoplyses (Sui, Fepidosewy and ty 
phyaos, shortened and dirverly articulated with the centrums (reptiles asd 
‘mammals. 

And further, in the thorax of reptiles, birds, and mammals, “the 
hamapophyses are removed from the centrum, and are artieulated to 
the distal ends of the pleurapophyses: the bony hoop being eem: 
pleted by the intercalation of the hiemal spine” (p. 82), So that 
thore are fine difforont ways in which the hamal arch may be formed 
—four modes of attachment of the parts different from that shown 
in thetypical diagram! Nor is thisall. ‘The plourapophyses tay 
be quite detached from their proper segment, and suspended to the 
hmal arch of another vertebra;” aa we have alrendy seen, the 
entire hemal arch may be detached and removed fo a distance, 
sometimes reaching the length of twenty-seven vertebray; and, even 
more remarkable, the ventral fins of some fishes, which t Fy 
belong to the pelvic arch, are so much advanced forward as to be 
articulated to the scapular arch—" the ischium elongating to. join 
the coracoid.” ‘With thexe admissions it sooms to us that relative 
position and connoxions cannot be appealod to a8 tests of homology, 
nor as evidence of any original type of vertebra, 

Tn no cles of facts, then, do we find a good foundation for the 
liypothiosis of an “ideal typical vertebra.” Thero Is ne ond con- 
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ccivable attribute of this archetypal form which ishabitually realised 
by actual vertebra, ‘The alleged group of true vertebral elements 
is not distinguished in any specified way from bones not included in 
it Its members have various degrees of inconstancy ; are raroly 
all present together; and no one of them is exsentinl. They aro 
severally developed in no uniform way: each of them may arise 
cither out of # separate piece of cartilage, or out of a piece con- 
tinuons with that of some other element; and each may be ossified 
from many independent points, from one, or from none, Not only 
may their respective individualitics be lost by absence, or by con- 
fluence with others; but they may be doubled, or tripled, or halved, 
or may be multiplied in one direction and lost in another, ‘The en« 
tire group of typical clements may coalesce into one simple bone 

resenting the whole vertebra; and even, ax in the terminal piece 
of « bird's tail, balf-aedozen vertebra, with all their many elemonts, 
may become entirely lont in a single mass. Lastly, the rospective 
eloments, when present, have no fixity of relative position; sund 
of them are found articulated to yarious others than those wit) 
which they are typically connected; they are frequently displaced 
and attached to neighbouring vertobrw ; and they are even removed 
to quite remote parts of the skeleton, It seems to us that if this 
want of congruity with the facts does not disprove the hypothesis, 
no such hypothesis admits of disproof. 





Unsatisfactory as is the evidence in the case of the trank and 
‘tail vertebray, to which we have hitherto confined ourselves, it is far 
worse in the ease of the alleged cranial vertebrm, The mere fact 
that those who have contended for the vertebrate structure of the 

i i erpretations 

ts general trath of 
their theory, From Professor Owen's history of the doctrine of 
general homology, we gather that Duméril wrote upon “Ia thte 
lérée comme une vertbre;” that Kielmeyer, “instead of 
the skull a vertebra, said each vertebra might be called a 
" that Oken recognized in the skull #hree vyertebre and a 
rudiment; that Professor Owen himself makes out four vertebre ; 
that Goethe's idea, adopted and developed by Carus, was, that the 
skull ia composed ‘of eax vertebra; and that Geoffroy St. Hilaire 
divided it into seren. Does not the fact that different comparative 
anatomists have arranged the same group of bones into one, three, 
Sour, siz, and seven vertebral segments. show that the mode of de- 
termination is arbitrary, and the conclusions arrived at fanciful ! 
May we not properly entertain great doubts as to any one scheme 
being more valid than the others! And if out of these conflicting 
schomes wo are asked to accept one, ought we not to accept it only 
on the production of some thoroughly conclusive proof—some 
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rigorous test: showing i bly that the others 
and this alone right? Evidently where auch cor 
have beon formed by so many competent judges, we 
deciding in favour of onc of them, to have a clearness 
stration much exceeding that required in wny case, 
us see whether Professor Qwen supplies us with any sneh clear 
Bch Reta yee aaa 
'o bring the or occipi jent skull into corre 

spondence with the “ideal pee vertebra” Professor Owen: 
jin the cnse of the fish, that the perspcphae seams 
wedged between the neurapophyses and the neural spin 
from the Tiaial.arak ated ote into oh aioe (tof the sear 
arch. Further, he considers that the pleurapophyses are teleoleari= 
cally compound, And then, in all the darter vortebrata, he all 
that the hiwmal arch is separcfed from its centrum, taken to a 
tance, and transformed into the scapular arch. Add to whieh, be: 
says that in mammals the displaced parapophyses are mere processes 
of the neurapophyses (p. 193): these vortebral el fom 
belonging to the lower part of the centrum, and in nies Cases 
confluent with it, are not only removed to the fur ends of elements 
plced above the centrum, bot have bécomeexogenous parts of them! — 

Conformity of the second or parietal segment of the eraminm with 
the pattern-vortebra, is produced thus :—The petrosals are ezeladed 
as being partially-ossified sense-capsules, not forming parts of the 
true vertebral system, but belonging to the “splanchi Al 


















A centrum is artificially obtained by sawing in two the bone which 
serves in common as centrum to this and the precedi and ] 
this though it is udmitted that in fishes, whore thelr indivi | 
ought to be best seen, these two hypothetical centrams are not 
simply coalescent, but connate. Next, a similar arbitrary bisection 
is made of certain cloments of the hema! arches. - And Miele tial 
principle of vegetative repetition is still more manifest im this arch — 
than in the occipital one: each pleurapophyais is double; each 
himapophysisis double; and the hemal spine consists of #ix pieces! 
The interpretation of the think and fourth segments being of 
the sane general charactor, nood not be detailed, The only | 
calling for remark being, that in addition to the above various 
modes of getting over anomalies, we find certain bones referred te 
the dermonskeleton, a | 
Now it seoms to us, that even supposing no antagoniat it 
tations bad been given, an hypothesis reconcilable with ihe teal 
only by the aid ohao many questionnble derices, could not be eon 
sidered satisfactory ; and that when, #5 in this cnse, various com- 
parative anatomist have contended for other interpretations, the 
charactor of this one ig cortainly not of a kind to warrant the re 
jection of the others in its favour; but rather of a kind to make 
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us doubt the possibility of all such interpretations. The question 
which naturally arises is, whether by proceeding after this fashion, 

of bones might not be arranged into endless typical forms, 
few on a given element was not in its place, we were at liberty to 
consider it as suppressed, or connate with some neighbouring element, 
‘or removed to some moro or loss distant position ;—if, on finding a 
bone in excess, we might consider it, now as part of the dermo- 
skeleton, now as part of the splanchno-skeleton, now as transplanted 
from its typical position, now as rosulting from vegetative repetition, 
and now as a bone teleologically compound (for these last two are 
intrinsically different, though often used by Profesor Owen as 
equivalents) :—if, in other cases, a bone might be regarded as 
spurious (p. 91), or again as having usurped the place of another ; 
—if, we say, these various liberties were allowed us, we shoul 
not ‘despair of reconciling the facts with various diagrammatic 
types besides that adoj by Professor Owen, 

When, in 1851, woe attended s course of Professor Owen's loo- 
tares on Comparative Osteology, beginning though we did in the at- 
titude of discipleship, our scepticism grewaswe listened, and reached 
ita climax when we came to the skull; the reduction of which to the 
vertebrate structure, reminded us very much of the interpretation 
cof prophecy. ‘The delivery, at the Royal Society, of the Croonian 
Leetare for 1858, in which Professor Huxley, confirming the stute- 
‘ments of several German apatomists, has shown that the facts of 
embryology do not countenance Professor Owen's views respecting 
the formation of the cranium, bas induced us to reconsider the verte- 
bral theory as a whole. Closer examination of Professor Owen's 
doctrines, as act forth in his works, has certainly not removed the 
scepticism generated years ago by his lectures, On the contrary, 
that scepticism has deepened into disbelief, And weveuture to think 
‘that the evidence above cited” shows this disbelief to be warranted. 














There remains the question—What general views are we to 
take respecting the vertebrate structure? If the bypothesls of an 
“ {deal typical vertebra” is pot justitied by tho faste, how aro we 
to understand that degree of similarity which vertebrae display ? 

We believe the explanation ix not furto seck. All that our 
space will hore allow, is a bricf indication of whut seems to us the 
natural view of the matter. 

Professor Owen, in common with other comparative anatomists, 
roqurds the divergences of individual vertebras from the average 
form, as due to adaptive modifications, If here one vertebral ele- 
ment is largely developed, while elsewhere it is sroall—if now the 
form, now the position, now the degree of coalescence, of a given 
part varies; it is that the local requirements have favolved thix 
change. ‘The ontirotoaching of comparative osteology implies that 
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some respects more or leas differently acted ot Dae 
and are th rent; are 
therefore required to be more or less similar. Et is im to 
deny that if differences in the mechanical functions of the vertebre 
involve differences in their forms; then,community intheir mechani- 
cal functions, must involve community in their forms. And as we 
know that throughout the Vertebrata generally, and ineach vertebrate 
animal, the vertebrae, amid all their varying cireumstances, Aave a 
certain community of function, it follows necessarily that they will 
have a certain general resemblance—there will recur that average 
ehapo which has sugwosted the notion of a pattern vertebra, 

A glance at the facta at once shows their barwony with this 
couclusion, Inan eel or # snake, where the Re actions are such 
as to involve great homogeneity in the mechanical conditions of the 
vortobrm, the series of them ia eaten homogencous, Onthe 
contrary, ina mammal or a bird, where there is cor 
ity in their circumstances, their similarity is no longer 80, 
, instead of comparing the vertebral columns of 
animals, we compare the successive vertebra of any one 
recognize the same law. In the segments of an individual 
where is there the greatest divergence from the common. 
conditions | and whore may we therefore expect to find the widest 
doparture from the average form ? Obviously at the two extremities 
And accordingly it is at the two extremities that the ordinary 
structure is lost, 

Still clearer becomos the trath of this view, when we consider the 
genesis of the vertebral column as displayed throughont the ascend= 
ing grades of the Vertebrate, In its vt embryoats stage {hal c 
is an undivided column of floxible substance. Ta the early , 
while some of the peripheral clements of the vertol.rm were m: 4 
‘out, the central axis was still a continuous unossified cord. And 
thas we have good reason for thinking that in the primitive verte- 
brate unital, as in the existing Amphiorus, the notochord was per 
sistent. The production of a higher, more powerful, more active 
creature of the xune type, by whatever method it is conceived to 
hare taken volved a change in the notochordal stracture. 


















Greater muscular endowments presupposed a firmer internal fulerum | 
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—n loss yielding central axis. On the other band, for the central 
axis to have become firmer while remaining continuous, are 
entailed a stiffvess incompatible with the creature's movements. 
Honev, increasing donsity of the central axis necessarily went hand 
in hand with its segmentation: for strength, ossification was re- 
quired ; for flexibility, division into parts, ‘The production of ver= 
tebrw resulting thus, there obviously would arise among them a 
general likeness, due to the similarity in their mechanical condi- 
tions, and more especially the muscular forcca bearing on them. 
And then observe, lastly, that where, as in the head, the terminal 
position and the less space for development of muscles, entailed 
smouller lateral bendings, the segmentation would naturally be Jess 
decided, less regular, and would be lost as we approached the 
front of the hend. 





the coalescence of several ne which in other creatures are 8¢] 
it does not account for the frequont manifestations of unity 
in defiance of teleological requirements, ‘This is quite true, 
But it is not true, as Professor Owen argues respecting such exses, 
that “if the principle of special adaptation fails to explain thom, and 
wo reject the idea that these corrospondences are manifestations of 
some archetypal exemplar, on which it has pleased the Creator to 
frame certain of his living creatures, there remains only the alteram- 
tive that the organic atoms have concurred fortuitously te produce 
such harmony.” Thisi# not the only alternative: there is another, 
which Professor Owen has overlooked. It is a perfectly tenable 
supposition that all higher vertebrate forms have arisen by the su= 
perporing of adaptations upon adaptations. Bither of the two anta- 
nist cosmogonies consists with this Ca ie If, on the one 
and, we conceive species to have resulted from acts of special 
creation; then it is quite a falr assumption that to pa ahigher 
vertebrate animal, the Creator did not bogin ih, but took a 
lowor vertebrate animal, and so far modified its pre-existing parts 
ax to fit them for the new requirements; in which case the original 
siructare would show lisel? through the ‘superposed modifications. 
If, on the other hand, we conceive species to have resulted by 
gradual differentiations under the influence of changed conditions; 
then, it would manifestly follow that the higher, heterogeneous 
forms, would bear traces of the lower and more homogeneous forms 

from which they were evolved, 

‘Thus, besides finding that the hypothesis of an “ideal typical 
vertebra” ix irreconellable with the facts, we find that the facts are 
interpretable without gratuitous assumptions, ‘The average com- 
munity of form which vertobrw display, is explicable as resulting 
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hit with t hack sda iat eee 
te eos Hroteasce Owe bas indie oe a nN 
benefit by tho elaborate lnceatigations ke has made with the view 
establishing his hypothesis, He has himself very 
proved that the 
with the facts. In gatl 
own conception of ages 
evidence which I think see niet 
The result is that the flold is ena clear for the iso 
lution as the only tonable one. 
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[From the Transactions or mux Lixwan Socterr, yot x2¥.] 





XV. On Circulation and the Formation of Wood in Plants, By 
Henoent Srexceun, Bag. Communicated by Gronor Busx, 
Buq., F.RS., See. L.8. 


‘Read March Ist, 1860, 


Opresore renpectiae the functions of the vascular tissues in plants 
appear to make but little progress towards agreement. ‘The suppo- 
sition that these vessels and strings of partially-united cells, lined 
with spiral, annular, reticulated, or other frameworks, are carriers 
of the plant-juices, is objected to on the aves that they often 
contain air: as the presence of air arrests the movement of blood 
through arteries and veins, its presence in the ducts of stems and 
petioles is assumed to unfit them as channels for sap. On the 
other hand, that these structures have a respiratory office, as some 
have thought, is certainly not more tenable, since, if the presence 
of air in them negatives the belief that their function ix to dix- 
tribute liquid, the presence of liquid in them equally negutives the 
belief that their function is to distribute air, Nor can any better 
defence be made for the bypothesis which I find propounded, that 
these parte serve “to give strength to the parenchyma” Tubes 
with fenestrated and reticulated internal skeletons have, indeed, 
some power ‘of supporting the tissue through which they pass; but 
tubes lined with spiral threads can yield extremely little supports 
while tubes lined with anoall, or spirals alternating with annul, ean 
teas no support whatever, Though all these types of internal 
ramework are more or less efficient for perenne closure by 
lateral pressure, they are some of them quite useless for holding 
up the mass through which the vessels pass; and the best of them 
tare for this purpose mechanically inferior to the simple eylinder. 
‘The same quantity of matter made into a continuous tube would be 
more effective in giving stiffnens to the cellular tissue around it, 
In the absence of any feasible alternative, the hypothesis that 
these vemsels are distributors of sup claims reconsideration. ‘The 
A are not, I think, #0 serious a4 they seem. The habitual 
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rosence of air in the ducts that traverse wood, can scarcely be 
fisid anomanloae 3f when the wood Wa formed theif function ceases. 
‘The canula which ramify through a Stag's horn, cootain air after 
the Stayz’s horn is fully developed; but it is not thereby rendered 
doubtful whether it is the function of arteries to convey blood. 
Again, that air should frequently be found even in 
petioles und leaves, will not appear remarkable wi 
mind the conditions to which a leaf is wabject. Evaporation 
going on from i The thinner liquids pars by Gemone oud of the 
vessel 
tion. And os the vessels are thus continually drained, a 
made upon the liquid contained in the stem and roots. — 
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pose 
roots there oxists no adequate soapy of moisture, A state of 
capillary tension must result—a te 
the leaves resisted below by fi 
impermeable coats, only thei 
conditions be slowly empti 








enter the wider and more porous tubes below—the ducts of the 
stem and branches. Thus the entrance of sir no more proves that 
these ducts ure not sap.carriers, than does the emptiness of 
river-beds in the dry scason prove that pes pegs tae 
water. There ix, however, = Rimeulty which seems more serions. 
Te is said that air, when present in these minete must bo a 
great obstacle to the movement of ssp throngh theen, investi 
| of — erties prob e a capillary tube resist 
of liquid that their resistance becomes 

when the Tebbted are wemerons— reaching, in sass pine 
much as three atmospheres. Nevertheless the inference that any 
such resistance is ‘lke 








sides. Any pressure t to bear on the column of 
tained in the porous duct of a plant, mast quickie 
sion of a contained air-bubble throwgh the minate 
coats of the duct. The greater molecular 

Higabds, implies that alr will pass out far 


parts 
To obtain data for an opinion om this versed question, T 
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lately been experimenting on the absorption of dyes lants. So 
Reker ies ale ‘of thinrkind have ptt not all of 
them, been made on stems, and, ws it would seem from the results, 
‘on stems so far developed as to contain all their charactoristic 
structures. ‘Tho first experiments 1 made myself were on such 
parts, and yielded evidence that served but little to elucidate 
matters Tt was only after trying like experiments with leaves of 
different ayes and different charactors, and with undeveloped axes, 
a8 well ae with axes of special kinds, that comprehensible results 
wore reached; and it then became manifest that the appearances 
presented by ordinary stems when thus tested, are in a great degree 
misleading. Let me briefly indicate tho differences, 

Lf an adult shoot of a tree or shrub be cut off, and have ita lower 
end placed in an alumed decoction of logwood or a dilute solution 
of magenta,® the dye will, in the course of n few hours, ascend toa 
distance varying according to the rato of evaporation from tho 
Teaves, On making longitudinal sections of the travorsed by 
it, the dye is found to have penetrated extensive tracts of the 
woody tissue ; and on making transverse sections, the openings of 
the duets appear as'empty epaces in the midst of a deeply-coloured 
Hrosenchyms Tt would thus scm thatthe liquid is eared y 

lenser parts of the vascular bundles; neglecting the cambium layer, 
‘neglecting the central pith, and pegierting the spiral vessels of the 
medullary sheath, Apparontly the substance of the wood has 
afforded the readiest channel, When, however, we examine these 
” rances Critically, we find rensons for doubting this conclusion. 
Tie tornavtooe wastion oF tba tec ga tate bint dye paseod 
first and has remained longest, be compared with a transverse sec- 
tion of the part which the dye has but just reached, a marked 
difference is visible. In the one case the whole of the dense tissno 
js stained; in the other case itis not. This anoven distribution of 
stain in the part which the dye has incompletely permeated is not 
at random; it admits of definite description. A tolerably regular 
continuous ring of colour distinguishes the outer part of the wood 
{rom the inner mass, implying a passage of liquid up the elongated 
cells next the cambium layer. And the inner mass is coloured more 
round the mouths of the pitted ducts than elsewhere: the dense 
Tissue is darkest close to the edges of these ducts colour fades 
away gradually on receding from their edges; thero is most colour 
where there are several ducts together; and the dense tissne which 


* Those two dyes have affinities for different components of the tissues, 
and may be advantageously used in different cases, Magenta ix rapidly 
taken tp by woody matter and other. accondary deposiia; while logwood 
coloars the cell-membranca, at] takes but selutanity to the subetanoes seaed 
by magenta, By trying both of them un the aame structure, we way guand 
ourselfes against any error arivlag from sclective combination, 
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ix fully dyed for some space, ix that which lies between two or more 
duets, These are indications that while the layer of pitted cells 
next the cambium has served as a channel for part of concen 
rest has ascended the pitted ducts, and oozed out of these into the 
prosenchyma around. And this eonclusion is confirmed by tho 
contrast between the appoarancer of tho lowoat of a shoot 
under different conditions, For if, instead of fing the di 
time for oozing through the prosenchyma, the end of the shoot 
jnst dipped into the dye and taken out again, we find, on making 
transverse soctions of the part into which the dye has boon rapic 
taken up, that, though it has diffused to some distance round the 
ducts, it has left tracts of wood between the ducts uncoloured—s 
differonce which would not exist had the ascent been through the 
substance of the wood. yen still stro is the contirmation 
obtained by using one dye after another. If a shoot that has ab- 
sorbed magenta ee an hour be placed for five minutes In the 
wood decoction, transverse sections of it taken at a short distance 
from its ond show the mouths of the ducts surrounded by dark 
stains in the midst of the rauch wider red stains, 

Based on thesa comparisons only, the inference pointed out has 
little weight; but its weight is increased by the results of ore 
meats on quite young shoots, and shoota that develope ittle 
wood. The behaviour of these corresponds perfectly with the ex: 
pectation that a liquid will ascend capillary tubes in preference to 
simple cellular tissue or tissue not differentiated into continuous 
canals. ‘Tho vascular bundles of the medullary sheath are here 
the only channels which the coloured liquid takes, Tn sections of 
the parts up to which the dyehas but just reached, the al fenes- 
trated, sealariform, or other voasels contained in these bundles are 
alone coloured, and lower down it is only after some hours that 
such an exudation of dye takes plac: as suffices partially to eolour 
the other substances of the bundle. Further, itis to be noted that 
at the terminations of shoots, where the veasels are but incompleteli 
formed out of irregularly-joined fibrous cells which still ge 
their original shapes, the dye runs up the incipient vessels and 
does not colour in the atnallost degree te sarronsi tisene. 

Experiments with leaves bring ont parallel facts. pe in 
adyo a petiole of an adalt leaf of a tree, and putting it fore the 
fire to accelerate evaporation, the dye will be found to ascend the 
midrib and voins at various rates, up even to n foot per hour, At 
first it is confined to the versels; but by the timo it has reached the 

point of the leaf, it will commonly be seen that at the lower part it 
has diffused itself into the sheaths of the verse Th a quite voung 
loaf from the same shoot, we find a much more rigorous resteietion 
of the dye to the vessels, On making oblique sections of its petiole, 
midrib, and veins, the vessels have the appearance of groups of 
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sharply defined coloured rods imbedded in the green prosenchyma ; 
and this marked contrast continues with scarcely an appreciablo 
ae after plenty of time has been allowed for Poste it 

‘The facts thus grouped and thus contrasted soom, at firet sight, 
to imply that while they aro young the coats of these ramifying 
canals lined with spiral or allied structares are not readily perme: 
able, but that, becoming porous ax they grow old, thoy allow the 
liquids they carry to eocepe with increising facility ; and honce 

joasible interpretation of the fact that, in the older parts, the stain- 
ing of the tissue around the vessels is so rapid as to suggest that the 
dye has ascended directly through this tissue, wherens in the younger 
the reverse Hees necessitates the reverse conclusion. 
at now, is this difference determined by difference of age, or in it 
otherwise determined! The evidence ws presented in ordinary stems 
and leaves shows us that the parts of the vascularsystem at which 
there is a rapid escape of dyo are not et older parts, but are 
parts whore a deposit of woody matter is taking place. Ts it, then, 
that the increasing permeability of the duots, instead of beit 
directly associated with tholr increasing age, is directly associat 
with the increasing deposit of dense substance around them ? 

To get proof this last connexion is the true one, we have 
but to take a clase of cases in which wood is formed only to a small 
extent. In such cases epee show us a farmore genoral and 
continued limitation of the dye to the veasels. Ordinary herbs and 
ve les, when contrasted with shrubs and trees, illustrate this; 
as instance the petioles of Celery, or of the common Dock, and the 
Jeaves of Cabbages or Turnips, And then in very succulent plants, 
such as Bryophyllum calycinum, Kalanchot rotundifolia, the various 

‘ios of Crassula, Cotyledon, Kleinia, and others of like habit, the 
duets of old and young loaves alike rotain the dye very persistently : 
the concomitant in these cases being the small amount of n- 
chyma around the ducts, or the small amount of deposit in it, or 
both. More conctasive yet is the evidence which meots us when wo 
turn from very succulent leaves to very eucculent axes. ‘The tender 
young shoots of Kleinia ante-euphorbium, or Euphorbia Mauritanica, 
which for many inches of their lengths havo scarcely any ligncous 
fibres, show us scarcely any escape of the coloured liquid from the 
vessels of the medullary sheath, Se, too, is it with Stapelia 
Buffonia, » plant of another order, having soft swollen axes. And 
then wo have a repetition of the like connexion of facts throughout 
the Cactacen: the most succulent ehowing us the smallest perme. 
ability of the vessels, In two species of Rhipsatis, in two species of 
Cereus, and in two species of Mammillaria, which 1 have tried, 1 
have found this so. Mammillaria gracilis may be named a8 ex- 
emplifying the relation under its extreme form. Into one of these 
‘sunall spheroidal masses, the dye ascends through the lange bundles 
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of spiral or annular ducts, or cells parti bream eric ys 
pce Lina} omy oot the feebly-marked 

with the surrounding phage ry 
Perfecsly eee 


The most conclusive evidence, however, is furnished by those 
\Gecfoeon in hick She. tryosillpn Soc: (esse a 
Omnke Head ene of clad 
yiel a piece 
reggae 
Tiguic the ligu’ patie up the 
th sei many fi airpennrery mer 
jes where the; 0) yeaa mass 
the stom; but her i i ar tissue around the reasels 
is coloured. In one of these fleshy growths we get clear evidence 
that the escape of the dye has no immediate Sapeoleeen ieee 
of the veasols, since, in parts of the stom that are alike in 
of tho vessels retain their contents while others do not. 
even find that the younger vessels are more pervious than Sector 
‘ones, if round the younger ones there is a formation of 
Thus, then, is confirmed salatensaes oe ttn 
stems the staining of the wood by an ascending coloured quid 
is due, not to the passage of the rear Spd poe beret 
the wood, but to the permeability of its a 
cells as are united inte irregular canals, And the focal piss 
this, at tho same time indicate with tolerable clearness the process 
by which wood is formed, Whatin eystoree isseen to take 
with a dye, may be fairly presumed to take ace st fips! 
the dye oxudes but slowly, we may infer t 
slowly; and it isn fair inforonce that where the dye rai ont 
of the yessels, the sap does the same, Inferring, thus, that 
ever eens isa considerable formation of wood there is a considerable 
ra ah wb, we oes Pceeshe real of the Cosa yr 
of the prosenchyma is proportionate to the quantity 
bree tive liq uid passing foto it; and this nutritive liquid passes 
inte it ram the vessels, ducts, and irregulsr canals it surrounds. 


But an objection is made to such creats as the 
and to all the inferences drawn frox them. in that 
of plants cut off and thus treated, have their actions 


arrested, or so changed as may render the sian aad 
is suid that when detached shoots and leaves have their eat ends 
laced in solations, the open mouths of their vessels and ducts are 
rectly presented with the liquids to be absorbed, wich dogm 
anys thoir natural states. Further, making these obj 
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periments yielding these adverse results conducted in unob; 

able ways, the conclusion implied by them would negative @ COR- 
‘clusions above drawn, But tesa experiments are no less objection- 
able than those to which tae are opposed, Such mineral matters 
as salts of iron, solutions of which have in somo cages boon supplied 
to the roots for their eye ee are obviously so unlike the mat- 
ters ordinarily absorbed, that they are likely to interfere fatally 
with the physiological actions. If experiments of this kind are 
made by immorsing the roots in a dye, there is, bexidos the dif- 
ticalty that the mineral mordant contained by the dye is injurious 
to the plant, the further difficulty that the colouring matter, Kon} 
seized P the substances for which it has an affinity, is left behi 
in tho firat layers of root tissues passed through, and that the 
decolorized water passing up into the plant is not traceable, To 
be conclusive, then, aa experiment on absorption through roots 
must be made with some solution which will not seriously inter. 
fore with the plant's vital processes, and which will not have its 
distinctive clement loft behind. To Sen eae requirements 1 
adopted the following method, Having iitthedded a well-soaked 
broad-bean in moist sand, contained in an inverted cone of eard- 
board with its apex cut off for the radicle to come through—having 
placed this in a wide-mouthed dwarf bottle, partly filled with water, 
‘so that the protrading radicle dipped into the water—and having 
waited until the young bean had a shoot some three or more inches 
Hid, and a cluster of secondary rootlets from an inch to an inch 
and a-half long—1 supplied for its absorption a simple decoction of 
logwood, which, being a vegetal matter, was not likely to do it much 
harm, and which, being without amordant, would not leave ite «us- 
pended colour in the first. tissues passed through. To avoid any 
possible injury, I did not remove thé plant from the bottle, but 
slightly raising the cone out of its neck, I poured away the water 
through the crevice and then poured in the logwood decoction ; so 
that there could have been no broken end or abraded surface of « 
rootlet throngh which the decoction might enter. Being prepared 
with some chloride of tin as a mordant, I cut off, after some three 
hours, one of the lowest leaves, expecting that the application of the 
mordant to the cat surface would hanes ont the characteristic colour 
if the logwood decoction had risen to that height. 1 got no re- 
notion, however. But after eight hours 1 found, on cutting off 
another leaf, that the vessels of its petiole were made visible as dark 
streaks by the colour with which they were chatged—a colour differ- 
ing, as wax to be expected, from that of the logwood decoction, 
which spontaneously changes even by simple exposure, It was then 
too late in the day to pursue the observations ; but next morning 
the vessels of the whole plant, as far as the petioles of ite highest 
Stalag leaves; ware ful of the colouring-matter; and on spplyi 
chloride of tin to the cut surfaces, the vessels assumed that purpli 
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red which this mordant produces when iiseclly mises: 
wood decoction. Subsequently, when onc of the cotyledons was cut 
by Prof. Oliver, to whom, in company with Dr. Hooker, I 

showed ie ‘imen, we found that the whole of ite vaseular aystem 
was filled withthedecoction, which every where gavethocharacteriatic 
reaction. And it became manifest that the liquid absorbed through 
the rootleta, in the central vessels of which tae 
had aS One pemees say Cre ee ee partot 
ithad pansed rough other vessels into Whecolyialonionienetany 
no doubt, the liquid ordinarily so carried returns charged with a 
supply of the stored nutriment. 1 have since obtained a verification 

val the method. Digging np some young plants (Marigolds 
[bisthe teate pe best choice) with large masses of soil round 
thom, placing them in water, xo ax gradually to detach the soil with- 
out injuring the rootlets, planting them in. flower-pot full 
of washed sand, and then, after few days, watering them with a 
logwood decoction, I found, as before, in Jess than fea | 
four hours the colouring-matter had run up into the vessels of | | 
loaves, ‘Though the reaction produced by the mordant was mot so 
strong as before, it was marked enough to be quite unquestionable. 

As these experiments were so conducted there was no ac- 
cous to the vessels except through the natural channels, and aa the 
vital actions of the planta were so little interfored with that at the 
end of twenty-four hours ss showed no traces of disturbance, I 
ae ae ae aa a heapees 

‘aking it,thon,ns a fact that in plants possessing them the vessels 

and dusters Lote channels Lae hich \c distribateg preapats | 
now to the further question—W hat determines the varying permen- 
bility of the walla atthe foamele ued ducts, and the <1 
ing formation of wood! To this question I believe the true reply 
ceMnaipaacrene the parts tointermittent mechanical strains, actual 
or potential, or both, By actual strains T of course mean those 
whlch the plant experiences in the course of itsindivideal life, By. 
potential straina I mean those which the form, attitude, and efreum- 
stances common to its kind involve, and which its inherited strne: 
ture is adapted to meet, In plants with stems, potioles, and leaves, 
having tolerably constant attitudes, the increasing porosity of the 
tubes and consequent deposit of dense tissue takes place in Enis po 
tion of the strains to which the parts of the individual are liable, 
takes place at paris which have beon habitually subject to such 
strains in ancestral fndividaals. But though in plante the 
tondoney to repeat that distribution of dense tissue caused by 
mechanical actions on past generations, goes on irrespective of the 
mechanical actions to which the developing individual ix sul 
these direct acto, while they greatly Ad the nssamptlen) of Gh 
typical structure, are the sole causes of thove deviations im the rela- 
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tive thickeningsof which distinguish the individual fromothers 
ofitskind, Andthen, in certain ss growing plants, such ws 
Cactuses and Enphorbias, where the ins fall on parts that do 
not correspond in successive individuals, we distinctly trace a direct 
relation between the d of strain and the rates of these chan; 
fabio teealt ix danse thave: T-will not ‘occupy space in detailing 
the evidence of this relation, which is conspicuous in the orders 
named, butwill pase to the question—W hat arcthe physical processes 
by which intermittent mechanical strains luce this deposit of 
resistant substance at places where it ix needed to meet the strains? 
‘We have not to seek far for an answer. If a trunk, a bough, a 
shoot, or a petiole, is bent by a gust of wind, the substance of its 
convex side is subject to longitudinal tension: the substance of its 
concave side being at the same time compressed. This is the pri- 
mary mechanical offect. There is, however, a secondary meehani- 
cal effect, which here chiefly concerns us, That bend by which the 
tissues of the convex side are stretched, also produces lateral com- 
reasion of them. Buttoning ona tight glovoand then closing the 
Sas will make this necessity clear: the leather, while it is: ined 
the backs of the fingers, presses with considerable force on the 
knuckles. It is demonstrable that the tensions of the outer layer 
of a mass made convex by bending, must, by composition of forces, 
prodace at every point a resultant at right angles to the layer be- 
neath it; that, similarly, the joint tensions of these two layers must 
throw a pressure on the next deeper layer; and so on. Hence, if 
at some Fite distance beneath the surface of a stem, twig, or lenf- 
stalk, there exist longitudinal tubes, these tubes must be squeezed 
each time the xide of the branch they are placed on becomes convex. 
M ing the illustration just drawn from the clenched hand will 
make this clear, When, on foreibly grasping something, the skin is 
drawn tightly over the back of the hand, the anlar of the 
knuckles shows how the blood is expelled from the vessels below 
the surface by the pressure of the tightened skin. If, then, the sap. 
‘vessels must be thus compressed, what will happen to the liquid they 
contain? Itwill move away along the lines of least resistance, 
Part, and probably the greater part, will escape lengthways from the 
place of greatest pressure: some of it being expelled downwards, 
and some of it upwards. Bat, at the same time, part of it will be 
likely to ooze through the wally of the tubes. If these walls are so 
perfect as to permit the passage of liquid only by oamose, it may 
still be inferred that the osmoge will increase under presente and 
probably, uader recurrent pressure, the places at whieh the osmotic 
current passes most readily will become more and more permeable, 
until they eventually form pores, At any rate it is manifest that 
where pores and elite exist, whether thus formed or formed in any 
other way, the escape of sap into the adjacent tissue at cach beud 








foarte tar germs 


ifently the sap which was thrust. 





refilled vessels, when the next bend renders their side convex, 
have part of their contents forced through their parictes, 


again refilled in the sume way, There is thus set up adramght of sap 


adh propentiensle aatritioniay AniGuame eee 
fiting (hem to resist the strains. A rade iden of his 
be obtained by grasping in one hand «damp 


Hi 


lower ond in water, while holding a piece of fing-paper in 
contact with its upper end, and then giving the repeated 
mqneozon, At cncl pee ai of the water will be sent 
the biotting-paper; at exch relaxation the sponge will refill from 
below, to give another portion of its contents to the blotting- 


paper when again squeezed. 


But how does this explanation apply to roote! If the formation 


of wood is due to intermittent transverse strains, such as 


are pro- 
duced in the atrial parts of upright plants by the wind, how does it 


happon that wood, 
Jatoral oscillations, no transverse at 
Jongstadinal strains.also are capable of 











yatter is deposited in ere ee 
' 0 answer 
dag the elloca deecebal 


Itisteue that perfectly straight fibres united into bundle and pulled 

Jongthways would not exert ou one another any lateral pressure, and 

would not laterally compress any similarly-straight canals run 
with them. But if the fibres united into a bundle are 





=. ss 








CIRCULATION AND FORMATION OF WOOD IN PLANTS 577 


hut to wateh a wet rope drawn tight by a capstan, to see that an 
action like that which squeezes the water ont of ite strands, will 
squeeze the sap out of the vessels of a root into the surroundi 
tissue, ns often as the root Is pulled by the swaying of the plant 
belongs to. Horo, too, as before, the vessels will refill whion the 
pall intermits; and so, in the roots as in the branches, this rade 
pumping process will produce a growth of hard tissue propoitin- 
ate to the stress to be borne. 

‘These conelnsions are supported by the evidence which excep 
tional cases supply. If intermittent mechanical strains thus cause 
the formation of wood where wood ix found, then where it is not 
found, thoreshould be an absence of inter ent mechanical stonins. 
‘There is such an absence, Vascular plants characterized by little 
or no deposit of dense anbetance, are those having vessels so con- 
ditioned that no considerable pressures are borne by them. The 
more succulent a petiole or loaf becomes, the more do the etfects of 
tranavorse strains fall on its outer lavers of colla, Its mechanical sup- 
port is chiefly derived from the ability of these minate vesicles, full 
of liquid, to resist bursting and tearing under the compressions and 
tonsions they are exposed to, And just ax fust as this chango from 
athin leaf or foot stalkto a thick one entails increasing streas on the 
superficial tissue, so fust doesit diminish the stress on the internally- 
seated vascular tissue. The succulent leaf cannot be swayed about 
by the wind as much as an ordinary leaf; and such small bonds as 
can be given to it and its foot-stalk aro prevented from affecting 
in any considerable degree the tubes running through its interior. 
Honco the retentiveness of the vessels in these fleshy leaves, as shown 

the amall exudation of dye; and hence the emall thickening of 

heir surrounding prosenchyina by woody dsposit. Still more con- 
spicuonsly is this connexion of facts shown when, from thesoft thick 
leaves before named and such othersas those of Heheveria, Rochea, 
Pereskia, wo turn to the thick leaves that have strong exo-skelotons. 
Gaateria serves as au ilustration. The leathery or horny skin here 
evidently beurs the entire weight of the loaf, and is so stiff as to pre- 
vent any oscillation, Hero, thon, the vessels running inside are pro- 
tected from all mechanical stress; and accordingly we find that the 
cells surronnding them are not appreciably thickened, 

Equally cloar, and more striking because more obviously excep- 
tional, is the evidence given by succulent stems which are leafless, 
Stapelia Buffonia, having soft procumbent axes not liable to be 
bont backwards and forwards in any considerable degree by the 
wind, has, ramifying through its tissue, vessels that allow but an ex- 
tremely alow escape of dye and have unthickened sheaths, Such of 
the Euphorbias as have acquired the fleshy character while retaining 
the arboroscentgrowth, like kuphorbia Canariensis,tenwh ux the sare 
truth in another way, In them the formation of wood around tho 

















alleged Biases Mammillaria furnishes a very one, The 
sabstance of onc of these globular masses, resting on the 
admits of no bending from side to side; and accor u 
bundles of spiral and annular vessels, or partially-u ‘cells, have 
vory fecbly-marked sheaths not at all thickened. In such J 
Cereus and Opiintia we sve, a8 in the Euphorbias, that where 
stress falls on the vessels, little dey takes place around A 
while there is much deposit where thore is much stress. Here let me 
add a confirmation obtained since writing the above. After obsery- 
ing among the Cactuses the very manifest relation between strain: 
and thé formation of wood, I inquired of Mr. Croucher, the intelli- 
gent foreman of the Cactus-house at Kew, whether he foand this 
relation & constant one, Ho repliod that he did, and that be had 
frequently tested it by artificially subjecting parts of them to strains, 
Noglecting at the time to inquire how he had done this, it afterwards 
occurred to me that if he had so done it as to cause constant strains, 
the observed result would not tell in favour of the foregoing inter. 
pretation. Subsequently, however, I Irarned that he had produced 
the strnins by placing the plants in inclined uttitudes—a method 
which, by permitting oscillations of the strained joints, allowed the 
strains to intermit. And then, making the proof conclusive, Mr. 
Croucher volunteered the statement that whore he had pradoced 
constant étrains by tying, no formation of wood took place, 
Aberrant growths of another class aielay the same relations: 
of phenomena. Tuke first the underground stems, such as the: 
Potato and the Artichoke, ‘The vessels which run through these, 
slowly take ap the dyo without letting it pass to any considerable: 
extent into the surrounding tissues.’ ly after an interval of 
many hours does the prosenchyma become stained in some 
Hore, as bofore, an absence of rapid exudation accompanies an 
absence of woody deposit; and both these go along with the ab- 
sence of intermittent strains, Take again the fleshy roots, The 
‘Turnip, the Carrot, and the Beetroot, haye vessels that retain very 
persistently the coloured liquids they take up. And differing in thi, 
88 these roots do, from ordinary roots, we sec that they differ 
from them in not being woody, and in not being appreciably sub: 














* Those who repeat theaw experiments rust be prepared for gross inrera 
laritios in thw rates of absorption. Succulent structures a contaes 
much more slowly than others, and sometimes will. scarcely take up the dye 
tall, ‘The differences between different structures, and the same atructure 
at different times, probably depend on the degrees in which the tissues are 
eharged with Naeid ‘and the rates at which they are losing tt by efaporation. 
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ject to the usual mechanical actions, In theso casos, as in the 
others, parts that ordinarily become dense, deviate from this bp 
ical character when they are not exposed to those forces wh 
produce dense tissue by Increasing the extravasation of sup, 

‘To complete the proof that such a relation exists, let me add the 
results of some experiments on equal and similarly-developed parts, 
kept respectively at rest and in motion. I have tested the effects on 
large petioles, on herbaceous shoots, and on woody shoots. If two 
ay petioles as those of Rhubarb, with their leaves attached, have 
their cut ends inserted in bottles of dye, and the one be bent back- 
wards and forwards while the other remains motionless, there arises, 
after the lapse of an hour, scarcely any difference in the states of 
their vessels: a certain proportion of these are in both cases 
with the dye, and little exudation has been produced by the motion. 
Here, however, it is to be observed that the causes of exudation are 
searcely operative; the vascular bundles are distributed all through 
the mass of the petiole, which is formed of soft watery tissye ; and 
they are, therefore, not so cireumstanced as to be effectually. com- 

yrewaed by the bends, In herbaceous stems, such as those of the 

jerusalem Artichoke and of the Foxglove, an effect scarcely more 
decided is produced; and here, too, when we seek a reason, we find 
itin the non-fulfilmentof the mechanical conditions; for thevascular 
bundles are not so seated between a tough layer of bark and a solid 
‘core as to be compressed at each bend. When, however, we come 
to experimentupon woody shoots, we meet with prcapieoas effects, 
though by no means uniformly, Tn some cases oscillations produce 
immense amounts of exudation—parallel transverse sections of the 
compared shoots showing that where, in the one that has been at 
rest, there are spots of colour round but a few pitted ducts, in the 
‘one that has been kept in motion the substance of the wood is soaked 
almost uniformly through with dye, In other cases especially where 
there is much undifferentiated tissue remaining, the Senastion is ae 
very marked. The difference a to di on the quantity of 
liquid contained in theshoot. Pia wocteteta relatively dry, the 
exudation is great; but it is comparatively small if all the tisues 
are fully charged with snp. ‘This contrast of results is one which 
contemplation of the mechanical actions will lead us to ex 

And now, with these facts to aid our interpretation, let us re- 
turn to ordinary stems, If the upper end of a growing shoot, the 
prosenchyma of which is but little thickened, be allowed to Imbibe 
the dyo, the vessels of its medullary sheath alone become charged ; 
and them there takes place but a slow oozing. If a like ex- 
periment be tried with a lower part of the shoot, where the wood in 
course of formation has its inner boundary marked but not its outer 
boundary, we find that the pitted ducts, and more especially the 
inner oues, come into play. And then lower still, where the wood 
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has its periphery defined and its histological characters decided, 
the appearances show that the tissue forming its outer surface 
bogins to take a loading part in the transmission of liquid. What 
now is the explanation of these changes, mechanically considered | 
In the young soft part of the shoot, as in all normal and abnormal 
growths that have not formed wood, the channels for the of 
‘sap are the spiral, annular, fenestrated, or reticulated vessels. 
vessels, here included in the bundles of the medullary sheath, are, 
in common with the tissues around thei, subject, by the coe 3 
of the shoot, to slight intermittent compressions, and, ly 
‘the outermost of them, are thus foreed edt eet prosenehyma 
an extra supply of nutritive liquid. ‘The ‘thickening of the peo- 
benchyima, spreuling laterally a8 well asoutwards from each bandie 
of the medullary sheath, goes on until it moets the 
spread from tho other bundles; and thore is eo formed an 
cylinder of hardened tissue, surrounding the medalla and the vas: 
cular bundles of its sheath. As soon as this hee sy! these vascular 
bundles become, to a considerable extent, shi from the effects 
of transverse straing, since the tensions and compressions 
fall on the developing wood outside of them. 
stress must be felt by the outer layer of the 
wood: being farther removed from the neatral 
subjoct to severer strains at each bend; and lying’ 
bark and the layer of wood first formed, it must be most 
to lateral compressions. Among the elongated cells of 
layer, some unite to form the pitted ducte, Being, 
better cireumstanced mechanically, they become greater 
of sap than the original vessels, and, in consequence of this a 
as in consequence of their relative proximity, become the sources 
of nutrition to the still more external layers of wood-cella ~ 
same causcs and the same effects hold with each new indurated 
coat deposited round the previously indurated coats. 

This description may be thought to go far towards. Leyes 
current views respecting the course takem by the the 
justification is more apparent than real. In the first the im- 
plication here is that the sa Fearerag fanction is.wt Grat 
entirely by the vessels of the medullary sheath, and that they conse 
to discharge this function only as fast a8 they are relatively la 
tated by their mechanical cireumstances. And the second in) 
tion is, that it i 
canals formed 
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‘Tt is formed out of it lines and networks of elons 
ination 





layer of the alburnum is best seen in the fact that the vascular ays- 
‘tems of new axcs take their rise from it, and form with it continuous 


canals, Ifa shoot of last year in which is recommencing, be 
cut lengthways after it hus imbibed a dye, clear proof is obtained 
‘that the passage of the dye into a bud takes place from this 
coteraneet cigidl of pitted cells, and that a a Gone ld CS 
¢ through the new tissue are com: of cells that pass tl 
: antec i 


modified forms into the spiral vi of the new medullary sheath, 
‘This transition may be still more clearly traced in # terminal bud 
that continues the fine of last year's shoot, A longitudinal section 
of this shows that the vessels of the new medullary sheath do not 
obtain their sap from the voasels of last year's sheath (which, as 
shown by the non-absorption of dye, have become inactive), but 
that their acpi are obtained from those inosculating canals 
formed ont of last year's outermost layer of prosenchyma, and that 
between the component celle of this and those of the new vascular 
aystem thore are all gradations of structure,* 


* It may be added hero that, on considering the mechanical actions that 

must go on, we ate enabled tn sosie measure to understand both how such inos. 
chunels are initiated, and how the structures of their 

colts are explicable, What mast happen to ono af these elongated prosen- 

chyma-col 





ls if, in the course of its development, |t ls subject to Intermittent 
met Tes aqueveed-out liquid while pastially 
dy escape upwards and wi 


‘escaping laterally, 
more large while. repented 
escape will tend to form lateral 


arda; and while 






ich the nutritive liquid ts from vime to time squeezed 
through small openings in its walls, eanot thicken interually in an 
even ‘manner: deposition will bo interfored with by tho passage of the 
currents through ‘the pores, The rush 9 or from cach pore will tea 
to maintain a funnol-shaped depression in the deposit around; and the 
from cel} to cell will ¢o acquire fast that ahape which the microscope 

shows up—two hollow cones with their aploes mecting st the pont where 
the cell-imembranes are in contact. Moreover, as confirming this inter 
tation, It may be remarked that we are thus supplied with a rvason 
fot the difereoces of shape betneen these pamages from ove pitied cell 
te another, and, the anslogoes paasager that erlat borwsen cle, other 
wise formed and otherwise conditioned, In the cella of the medulla, and 
thers which are but litle exponed to compropsion, the pasnazes are sore 
rally formed more like a tbe with two teumpet-montha, one in each cell 
‘This i# just the form which might be expected where the nutritive uid 
passes from cell to cell In moderate currents, and not tye the violent rushes 
caused by intermittent pressures. Of course It is not meont that ln each 
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. Deaiersae iss rahe question may nay besonsblgrod We 
we seen how, itermittent res i evaie 
i Usingeanalthare mus be prouuceds dranght of 


towards! out, 
Bat we havo ‘the distribu: 
Tt was concladed that 


whichever direction least sap is expelled, from that same direction 
most sap will return when the vessels are relieved from pressure—the 
force which is powerful in arresting the back current in that direction 
being the same force which is powerful in produ 
rent, Ordinarily, the more abandant supply of liquid being. 
Jow, there will result au upward current, Ateach bend a portion of 
the contents will be squeezed out through the sides of the vessels—a 
rtion will be squeezed downwards, reversing the current ascending 
‘rom the rvots, but soon stopped by its resistance ; whilea larger por- 
tion will be squeezed upwards towards the extromities of the vessels, 
whore foomeapsion and long are most rapid, At each recoil the ves. 
sels will be replenished, chiefly by the ropressed upward current; and 
atthe next bend more of itwill be thrust onwards than backwards. 


i 
‘Thus far, howover, 


rOCess. 
have ehiaean th 


terrupted by bubbles. 
trance of air may take 
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place even when there is a good supply of liquid, if the mechanical 
strains are sv violent and the exudation so rapid that the currents 
cannot refill the half-emptied vessels with sufficient rapidity. Aed 
in this case the intruding air may poasibly play the sate part as 
that contained in the air-chamber of a foree-pumy img, by 
moderating the violence of the jets, and by equalizing the strains, 
tolpreven mips of the apparatus, Of course when the 

of fi 





a direet experiment. To asce Wve 
action, | took from the same tree, « Laurel, two equal and 
placing therm in the same dye, subjected them to conditions that 
were alike In all respects save that of motion: while one remained 
‘at rest, tho othor was bont backwards and forwards, now by ewiteh- 
ing and now by straining with the fingers. After the lapse of an 
hour, I found that the dye had ascended the’ oscillating shoot three 
times as far as it had ascended the stationary shoot—this reanlt 
boing an average from several trials, Similar trials brooght owt 
similar effects in other structures, The various petioles and herba- 
ceous shoots experimented upon for the purpose of uscertaln! 
the amount of exudation produced by transverse strains, sho 
also the amount of longitudinal movement. It was observable 
that the height ascended by the dye was in al! cases greater where 
there had been oscillation than where there had been rest—the 
difference, however; being mach leas marked in encewlent struc: 
tares than in woody ones, 

It need scarcely be said that this mechanical action ix not here 
assigned as the sole canse of circulation, but ag & ease e0-operatis 
with othors, and helping others to produce affects that could not 
otherwise be produced. Trees growing in conservatories afford us 
abundant proof that sap ix raised to considerable heights by other 
forces. Though it i¢ notorious that trees go circumstanced do not 
thrive unless, through open sashes, they are frequently subject to 
breezes sufficient to make their parts oscillate, yet there Iscrtlontly 
a circulation that goes on without mechanical aid. The eanses of 
circulation are those actions only which disturbtheliqnid equilibrium 
in @ plant, by permanently abstracting water or: aap at somo 
of it; and of these the first is the absorption of materials for the 
mation of new tissue In growing parts; the second is the loss by 
‘evaporation, mainly through adalt leaves: and the third isthe lows by 
extravasation, through compressed vessels, Only so far as it prow 
ces this last. can mechanical strain be regarded a8 truly 4 camse of 
All the other actions concerned must be classed is aids 
to cireulation—as facilitating that redistribation of liqaid that con- 
tinually restores the equilibrium continually disturbed ; aud of these 
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two of these aids are doubtless capable by themsolves of producing 
alarge partof the observed result—moro of tho observed result than 
is at first sight manifost; for there is an inn ib Indirect effect 
of osmotic action which appears to be overlooked. Oxmose does not 
aid circulation only by setting up, within the pans eurronts 
betweenthe more dense and theless dense solutions in different parts 
of it; but it aids circulation much more by producing distention 
of the plantas a whole. In consequence of the average contrast in 
donsity between the water outside of the plant and the sap inside of 
it,the constant tendency is for the plantto absorb a quantityin excess 
of its capacity, and so to produce distention and erection of its 
tissues It ix because of this that the drooping plant rnises itself 
when watered ; for capillary aotion alone could only refill its tisaaos 
without changing their attitades, And it is because of this that 
joley plant with cllapable structures bleed ao rapidly when ent,not 
onl the cut surface of the rooted part, but from the cut sur- 
faceof the Rig react oo clastic tissues tending to press out the 
liquid which dist them. And manifestly if osmose serves thus 
to maintain astate of distention throughout a plant,it indirectly fur- 
thors circulation; sinco immediately evnporation or growth at any 
Rat by abstracting liquid from the neigl uring tiem, ins to 
liminish the liquid pressure within such tissues,the di struc- 
tures throughout the rest of the plant thrust their liquid contents to- 
wards the place of diminished pressure. ‘This, indeed, may very pos- 
sibly be the most efficient of the agencies at work. ‘Remembering 
how great ix the distention producible by osmotic absorption 
enough to burst « bladder—it is clearthat the force with which the 
distended tissues of a plant urge forward the sap to places of con- 
sumption, isprobably voy great.” We must therfore regard theaid 
which mechanical atrai iat as being one of several. ‘lations: 
help directly to restoro any disturbed liquid equilibrium ; and the 
also help indirect], by facilitating the redistrabation cansed by capil- 
lary action and the Neverg just described; but in the absence of 
oseillations the equilibrium may still be restored, thongh less rapidly 
and within narrower limits of distance. 
half of the problem of the circulation, however, has been left 
ght. Thus farour inquiry hus been, how the nscending cur- 
rontof sap is produced. ‘There remains the rationale of the descend. 
ing current. What forces cause itand through what tissues it takes 
place, are questions to which no satisfactory answers have been 
given. That the descent is due to gravitation, as some allege, 
in difficult to conceive, since, a gravitation acts equally on all 
liquid columns contained in the stem, it i# not oe to Bee why 
it should produce downward movements in some while permitting 
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upward movementsin others—unless, indeed, thera} 
ing tubes too wide to admit of much capillary netion, 
do not. Moreover, gravitation is clearly i to 
rents towards the roots out of branches that droop to the 
Here the gravitation of the contained liquid columns: 
balance that of the connected columns in the stem, leaving 
appreciable force to cause motion. Nor does there seem much 
probability in the assumption that the ronte of the deseen 7 
ia through the cambium layor, since experiments on ine arre 
of dyes prove that simple cellular tissue is a very bad conductor 
of liquids: their movement throngh it does not take place with 
fiftioth of the rapidity with which it takes place throngh vesse 

Of course the defence for those hypothosos is, that there must be 
adownward current, which must have a course and acause; andthe — 
‘very natural assumption hus been thnt the course and the eause must 
be other than those which produce the ascer current, Nevers 
theless there ix an alternative supposition to which the foregoing 
cousiderations introduce us, It is quite possible for the same vascular 
ayster to serve as a channel for movement in of : 
at different times, We have among animals well-known cases ip 
which the blood-ressels a current first in one direction and 


an & priori probability that, lowly organized as they are, are 
more iTkely 40 have dheteibatiog-apyllances of this iapiteet Kae 
than to have two sets of channels for two simaltaneous: 
led by this suspicion, we inquire whether among the forces which 
unite to produce movements of sap, there aro any variations or inter- 
ii pablo of determining the currents in different directions, — 
q iscover that there are such, and that the hypothesisof 
an alternating motion of the «ap, now centrifugal and now contri- — 
petal, through the same vessels, has good warrant. What are the 
several forces at work! First may be sct down that pater 
existing in every part of a plant to expand into its typical form, 
to absorb nutritive liquids in doing this. The resulting 





* Soine exceptions to this occur in plants thet have eetrograded in the 
chameter of their tikes towants tho enipler a syoee” Casale eer) 
jent leaves, such as those of Senperoiew, in ml 
is immensely developed in comparison with the yaseular thee, eeom te 
have reeumed to a considerable extent what we tust repant aa the 
fonn of vozetal circulation—eimplo absorption from cell to coll. 
when they have lost much of their water, will take up the ee ie 


F 
i 
i 


tans Scag sr geoaral sxbatnnct, oe maser 
noglecting the vessels, At othor times, in the same loaves, 
beoome charged while comparatively Witle abserption takes ier 
the cellalar tissue. Even in these exeeptional cases, howerer, 

through collalne ike i* nothing like ax fast aa the movement throng: 
v0 
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for sap will, other things being equal, cause currents towards tho 
most rapidly-growing parts—towards unfolding shoots and leaves, 
but not towards wake leaves, Next we have evaporation, actin, 

moro on the adult leaves than on those whieh are in the bud, 
or but partially developed. This evaporation ix both regularly 
and irregularly intermittent, Depending chiefly on the action 
of the sun, it is, in fine weather, greatly checked or wholly 
arrested every evening; and in cloudy weather must be mucl 

rotarded during the day. Further, every hygrometric variation, 
as well as every variation in the movement of the air, must 
vary the evaporation. ‘This chiof action, therefore, which, by con- 
tiniially emptying the ends of the capillary tubes, makes upward 
currents possible, is one which intermits every night, and every day 
is strong or feeble ax circumstances determine. “Thon, in the third 
place, we have this rude pumping process above described, going 
‘on with greater vigour when the wind is violent, and with less 
vigour when it is gentle —drawing liquid towards different 
parta nccording to their degrocs of Gsafllation, and from: Miffe- 
Tent parts according as they can most readily furnish it. And 
now let os ask what must result under changing conditions from 
these variously-conflicting and conspiring forces. When a warn 
sunshine, causing rapid senate empitving the vessels of the 
loaves, the osmotic and capillary actions that refill them will be 
continually aided by the pumping action of the swaying petioles, 
twigs, and branches, provided their oscillations are moderate, Under 
these conditions the curront of sap, moving in the direction of least 
resistance, will sot towards the leaves, But what will happen when 
the sun sets! There is now nothing to determine currents either 
upwards or downwards, except the relative rates of growth In the 
parts and tho relative demands sct up by the oscillations; and the 
oscillations acting alone, will draw sap to the oscillating parts a» 
much from above as from below. If the resistance to be overcome 
by acurront sotting back from the leaves is less than the resistance 
to be overcome by a current setting up from the roots, then « 
current will set back from the leaves. Now it is, I think, tolerably 
manifest that in the swaying twigs and minor branches, less force 
will be required to overcome the inertia of the short columns of 
liquid between them and the leaves than to overcome the inertia of 
the long columns between them and the roots, Tonce during the 
night, ax also nt other times when evaporation is not going on, the 
sap will be drawn out of the leaves into the adjacont supporting 
parts; and their nutrition will be increased, If the wind is stron; 

enongh to produce a swaying of the thicker branches, the bac 

current will extend to them also; and a further strengthening will 
result from their absorption of the elaborated sap, And when the 
great branches and the stem are bent backwards and forwards by « 
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gale, they too will share in the nutrition. Tt may at first sight soem 
that these parts, being nearer to the roots than ee 
draw their supplies from the roots only. But the quantity which the 
roots can furnish is insufficient to meet so great a demand. 

a conditi Gesine Ch rer of sap from the vessels will 

ve an raught of liquid rev 

sae tha hich the mate cat ak iets 

leaves, 1u8 BAP Ww) low to the rev parts 
Aipadraseneeos activity—to the leaves whilo light and heat 
enable them to discharge their functions, and back to the twigs, 
branches, stem, and roots when these become active and the leaves 


activities of the parts, is just such a 
bo required to keep up the organic balance, 

To this explanation it may be objected that it doos not account 
for the downward current of sap in plants that are sheltered, 
stem and roots of a drawing-room Geranium display a thickening 
which implies that natritive matters have descended from the leaves, 
although there are none of those oscillations by which ee 
tobe drawn downwards as well as upwards.) The Fgh legit 
stom and roots tend to repeat thelr pal structures, and that the 
absorption of sap for the formation of their respoctlve dense tikeues, 
is here the force which detorminos the descent, Indeed it must be 


that 


not, the physiological demands of the difforent parts of the plant 
determine the direction of the current; and all which the oscillations 
ani the distention do is to facilitate the supply of these demands. 
Jost as much, therefore, in # plant at rest ae ina plant in motion, 
the current will set downwards when the function of the leaves ix 
arrested, and when there is nothing to resist that abstraction of. 
caused by the tendency of the stem-and root-tissucs to assnme 
typical stractures, To which admission, however, it must be addod 
thi ico this typical structure assumed, though imperfectly as- 
sumed, by the hot-house plant, is itself interpretable as the in- 
herited effect of external mechanical actions on its ancestors, we 
may still consider the current sot up by tho assumption of the 
typical structure to be indirectly due to such actions. 
Interesting evidence of another order here demands notice. Ta 
e of experiments on the tai of dyes by leaves. it 
in making sections pwraliel to the plane of mleng, with 
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the view of separating its middle layer containing the vessels, Tame 
a bees! = Ae aptnad ob paleastnd where 
they are prosont, form the terminations of thevascularaystem. They 
are masses of lar and imporfootly united fibrous cells, such as 
those out of which vessels are developed; and they are sometimes: 
slonder, sometimes bulky—usually, however, being more ot less clube 
shaped. In transvorso goctions of loaves their distinctive characters 
are not shown: they are taken for the smaller veins, It is only by 
carefully slicing away the surface of a leaf until we come down 
to that part which contains them, that we get any idea of their 
ae Ll ny ern ‘a apocim: men taken from Veal ot Ee 
ia nerisfolia. wing one of the interspaces of the ulti- 
mate venous network, it Sree of a spirally-lined duct or set of 
ducts, which connects with the neighbouring vein a cluster of half- 
reticulated, balf-scalariform cells, Thesecellshave projections,man; 
of them tapering, that insert themselves into the adjacent intercel 
ular 5; 1us producing an extensive surface of contact between 
‘the organ and the imbedding tissues, A furthor trait is, that the en- 
sheathing prosonchyma is cither but little developed or wholly abe 
sent; and consequently this epee vascular structure, especiall 
at its end, comes immediately in contact with the tissnes concern 
in assimilation. The leaf of Euphorbia neriifolia is a vory floshy 
one; and in it these organs are distributed through a compact, 
though watery, cellular mass. But in any leaf of the ordinary type 
which possesses thom, they lie in the Lasley herete 4 
ita lower layer ; and wherever they occur in this layer its cells unite 
to enclose them. ‘This arrangement is shown in fig. 2, ropresentin 
asample from the Cuoutehouc-leaf, us seen with the upper part o} 
its Law ey removed; and itis shown still more clearly in a sample 
from the leaf of Panax Lessonit, fig. 3. Figures 4 and § represent, 
without their eheatha, other auch organs from the lentes of Punaz 
Lessonié and Clusia flava, Some relation seems to exist between 
their forms and the thicknesses of the layers in which they lie. 
Certain very thick leaves, such as thone of Clusia flava, have them 
less abundantly distributed than is usual, butmore massive, Where 
the parenchyma is developed not to so great an extreme, though 
still Iatgoly, as in tho loaves of Holly, Aucuba, Camellia, they nro 
not so bulky; and in thinner leaves, like those of Privet, Elder, 
&e., they become longer and less conspicuously club-xhaped. Some 
sdapiations to their respective positions seem implied bythese modi- 
fications; and we may naturally expect that in many thin Ioaves: 
these free ends, becoming still narrower, lose the distinctive and 
suggostive characters possessed by thoxe xhown in the diagrams. 
Relations of this kind are not regular, however. In various other 
mera, members of which I have examined, as Rhus, Viburaun, 
‘Grisclinia, Brezia, Botryodendron, Pereskia, the variations in the 
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It should be added that while these expanded free 

‘extremities graduate into tapering free extremities, not differing 

they also pass insensibly into the ordinary 

aly, along sith, leva Esse a 

there occur loops; and from such loops there are transitions to 
tho ultimate meshes of the veins. 

‘These organs are by no means common toalbleares. Tn many 
that afford ample spaces for them they are not to be found. So far 
ng I have observed, they aro absont from the thick leaves of plante 
which form very little wood. In Sempervivum, in Feheverha, in 
Bryophyllum, they do not appear to exist; and I have bees inable 
to discover them in Kalanchoe rotundifolia, in Kleinia 
dium and ficoider, in the several spocies of Crassula, and in other 
succulent plants. It may be added that they are not absolutely 
confined to leaves, bat occur iu stems ae ei assumed the ae 
tions of leaves. At least I have found, in the green parenel 
of Opuntia, orguns that are analogous though much more airs 
and irregularly formed. In other parts, too, that bave 
the leaf-function, they occur, us in the phyllodes of the Ay 
Acacias, These have them abundantly developed; and itis interest- 
ing to observe that hero, whore the two vortically- surfaces 
of the flattened-out petiole are equally adapted to the assimilative 
fanction, there exist two layers of these expanded vascular termina. 
tions, one applied to the inner surface of exch hei of parenchyma. 

Considering the structures and positions of 
‘as the natures of the plants possessing them, may we not form a 
shrewd suspicion respecting their function? Is it not probable that 
they facilitate absorption of the juices carried back from the loaf for 
the nutrition of the ster and roots? They are admirabl 
for performing this office, ‘Their component fibrous havi 
anion fusinunted betwnen the cella of the parenchyma, are 
just as they should be for taking up its contents; and the absence 
of sheathing tassuc between them and the parenchyma facilitates the 
passage of the elaborated liquids. Moreover there is the fact that 
they are allied to organs which obvionsly have absorbent functions, 
1am indebted to Dr. Hooker for pointing out the figures af two 
ench ongans in the “ Icones Anatomic” of Link. One of them i 
from the end’of adicotyledonous root-fibre, and the other is from 
the prothallus of a young Fora, Tn each case a cluster of fibrous 
colle, seated at a placo from which ne has to be drawn, is con- 
nected by vessels with the parts to which liquid has to be carried 
‘There can scarcely be a doubt, then, that in both eases al 
is effected through them. I have met with another such ongan, 
more claborntely constructed, but evidently adapted to the same 
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office, in the common Turnip-root. As shown by the end view 
and eog eal Wegecs in 6 ee Ey suis consists of 
rings of fenestrated cells, arranged vary ley of - 
larly into fuse, ordinarly bering It pea divooted towards the 
central mass of the Turnip, with which it has, in some cases at leust, 
a traceable connexion by a canal, Prosenting as it does an external 
surface terminating one of tho branches of the vascular sys: 
tem, cach of these organs is well fitted for taking up with rapidity 
the putriment Iaid by in the Turnip-root, and used by the plant 
whon it sends up its flower-stalk. Nor docs oven this exhaust the 
analogics. ‘The cotyledons of the young boan, experimented npon 
Stirs Suctiol Samael aicaeea ian ee ant aad 
exactly in the places where, if they are absorbents, we might ex- 
pect to find them. Amid the branchings and inosculations of the 
‘vascular layer running through the maa! of nutriment deposited in 
each cotyledon, there are conspicuous free terminations that are club- 
shaped, and prove to be composed, like those in leaves, of irregularly 
formed and clustered fibrous cells; and some of them, diverging 
from the plane of the vascular layer, dip down into the mass of 
starch and albumen which the young plant has to utilize, and 
which these structures can have no other function but to take up, 
Besides being 80 woll fitted for absorption, and besides being 
similar to organs which we cannot doubt are absorbents, these vas- 
cular terminations in leaves afford us yet another evidence of their 
functions. They are seated in a tissie so arranged as specially to 
facilitate the abstraction of liquid. The centripetal movement of 
the sap must be set up by a force that is comparatively feeble, since, 
the parietesof the ducts being porous, air willenter if the tension 
on be contained columns becomes considerable. Hence it is needfal 
that the oxit of sap from the leaves should meet with very little resist- 
ance. Now were it not for an adjustment presently to be deseril 
it would moct with grent resistance, notwithatanding the peculiar 
fitness of these organs to take it in, Liquid eannot be drawn out 
of any closed cavity without producing 4 collapse of the cavity's 
nides; and if its sides are not readily collapsible, there must be a cor- 
nding resistance to the abstraction of liquid from it, Clearly 
the like must happon if the liquid is to be drawn out of a tissue 
which cannot either diminish in bulk bodily or allow its components 
individually to diminish in bulk, In an ordinary lenf, the upper 
layer of parenchyma, formed as it is of elosely-packed cells that. are 
‘without interspaces, and are everywhere held fast within their frame- 
work of veins, can neither contract casily asa mass, nor allow its sep- 
arate colls todoso. Quite otherwise is it with the network-paren- 
chyma bolow. The long cells of this, united merely by their ends 
and having their flexible sides surrounded by air, may severally have 
theireontents considerably increased and decreased without offering 
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appreciable resistances; and the network-thesaewhich they form will, 
at the saine time, be capable of undergoing slightexpansions amd con- 
tractions of ita thickness, In this layer occur these organs that mreso 
obviously fitted forabsorption. Here we find them in direet commu- 
nication with its system of collapsible cells. ‘The probability: 

to be, that whon the current sots into the lonf, it freee the 
vessels and their sheaths chiefly into the upper aver ‘of cells (this 
upper laver having a langer surface of contact with the reins than the 
lower layer, and being the seat of more active processes); and that 
the juices of the upper layer, enriched by the assimilated matters 
pass into the network-parenchyma, which serres asa reservoir from 
which they are from time to time drawn for the nutrition of the rest 
of the plant, when the actions determine the downward carrent, 
Should it be asked what happens whore the absorbesta, instead of 
being inserted in a neliwotkeparéncl yma, are, as in the leaves of 
Euphorbia neriifolia, Inserted {n a solid parenchyma, the reply fs, 
that auch a parenchyma, though not furnishod with i 
arranged air-chambers, nevertheless contains air in its intercellalar 
spaces; and that when there occurs a draught upon its contents, 
Hppedlin es of this air and the ontrance of more from without, 
quickly supply the place of the abstracted liquid. 

If then, returning to the general argument, we conclode that 
these expanded terminations of the vascular system in leaves are ab- 
sorbent organs, we find « further confirmation of the views set forth 
respecting the alternating movement of the sap along the same chan- 
nels, These sponzioles of the leaves, like the spongioles of the roots, 
being appliances by which liquid is taken up to be earried into the 
mass of the plant, we are obliged to regard the voesele that end in 
these spongioles of the leaves aa being the channels df the down 
current whenever it ix produced. If the elaborated sap isabatracted 
from the leaves by these absorbents, then wo have no alternative 
bat to suppose that, having entered the vascular systom, the élab- 
orated sap descends through it. And seeing how, by the help of 
these special terminations, it becomes possible for the same vessels 
to carry back a quality of sap unlike that whieh they bring up, we 
ato onabled to understand tolerably well how this rhythmical 
movernent produces a downward transfor of materials for growth. 








‘ 

‘The several lines of argument may now be brought together; 
and along with them may be woven up such evidences a8 remain. 
Let me first point out the varicty of questions to which the 
hypothesis supplies answers. 

It is required to account forthe ascent of sap toa boight beyond 
that to which capillary action can raise it. This ascent is accounted 
for by the propulsive action of transverse strains, joined with that of 
osmotic distention, A canse has to be assigned for that rise of sap 
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which, in the spring, while yet there is no considerable evaporation 
to ald ft, goes on with a power which capillarity does not explain. 
‘Theco-operation of the same twoagencics is assignable for this result 
also.* ‘The circumstance that vesselsand ducts here contain sap and 
there contain air, and at the sume place contain at different seasons 
now air and now sap iva factenlling for explanation. An explana- 
tion is furnished by these mechanical actions which involve the on- 
trance or expulsion of air according to the supply of liquid. ‘That 
vowels and ducts which were originally active xup-curriers go com- 
pletely out of use, and have their function discharged by other 
vesucls or ducts, is an anomaly that has to be solved. ‘in, we 
are err with « solution: these deserted vessels and ducts are 
those which, by the formation of dense tissue outside of them, 
become go circumetanced that they cannot be compresed as t 
origivally wore, A channel has to be found for the downwi 
current of sap, which, on any other hypothesis than the foregoing, 
must bo a channel separate from As taken by the upward 
current; and yet no good evidence of a separate channel has beon 
pointed out. “Here, however, the difficulty Serre since one 
channel suffices for the current alternating npwards and downwards 
according to the conditions. Moreover there has to be found » 
force producing or facilitating the downward current, eapable even 
of drawing sap out of drooping branches; and no such force ix 
forthcoming. ‘The hypothesis set forth dispenses with this necessity ; 
under the recurring change of conditions, the same distention and 
‘oscillation which before raised the sap to the places of consumption, 
now bring it down to the places of consumption. A physical 
rocess has to be pointed out by which the material that forms 
Tirso flawue ts depootted at the last whet ie la Wala eather 
than at other places. This physical process the hypothesis in- 
dicate. Tt ia requisite ind an explanation of the fact that, 
when plants ordinarily ewayod about by the wind are Boe indoors, 
the formation of wood is eo much diminished thatthey become ab- 
normally slender. Of this anexplanation is supplicd. Yeta further 
* Ic seems probable, howerer, that osmotic disteution fs here, es i 
the more important of the two factors. The rising of the sap in springs may 
Inilrectly revult like the sprouting of the seed, fram the tame of 
starch into sugar. During gormination, this change af an oxy-hydro-carbon 
from an insoluble into a soluble form, loads to rapid endosmose; con 
sequently to great distention of the seed; and therefore to a force which 
thrusts the contained liquids Into the plumule and radicle, and gives them 
power to displace the soil in their way: it sets up an active anove> 
Toot when neither srapceation or the ‘chaoge which light produces can be 
‘operative, And similacly, if, in the gpring, the starch stored up in the roots 
of tree pumas into the form of sugar, the unusual onotle abwerption that 
arises will cause an urustial distention—a distention whieh, being resisted hy 


tho tough bark of tho roats and stom, will result in & powerful upward thrust 
of the contained Hquld. 
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fact to be interpreted is, that in the same individual plaat homel. 
ogous parts, which, according to the type of the be 
eras woody, become much thicker one thin. subject 

Psi And of this too an interpretation is 


Now unc saftcleney ‘of the seed a aren ee 
phenomena not otberwize explained, would be 


‘he rationale is the trae one, even a ote 
kind. How strong, then, dena the 
true one when we remember that the wel Fee 

assorted. beast 


go on in the 
es and that thoy 
dedueitle from 


orders of 

That above the earth's sur 
face, and to mitbsterd rblebaoe the wind, must have oti, 
developi 
be safely = 
the supportii 
to ali 
i mabe to 
ome process 
me pce ne prepa teen with the bear. 
we distribution of sa ‘structure in each kind 


raw. 
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mechanical principles that the strains do act in such ways as to aid 
the increage of the strengths. How a like correspondence between 
two & prior? arguments holds in the case of the circulation, needy 
not to be shown in detail, It will suffice to remind the reader 
that while the raising of sap to heights beyond the limit of 
illarity implies some force to elfect it, we have in the osmotic 
distention and the intermittent compressions caused by transverse 
strains, forces which, under the conditions, cannot but tend to 
effect it; and similarly with the requirement for a downward 
current, and the prerecsen of a downward current, 

Among the inductive proofs we find a kindred agreement, Diffe- 
rent individuals of the same species, and different parts of the same 
individual, do strengthen in different degroca ; and there is a clearly 
traceable connexion betweeu their strengthenings and the intermit- 
tentstrains they are exposed to. This evidence,derived from contrasts 
between growths on the same plint or on plants of the same type, is 
enforced by evidence derived from contrasts between plants of diffe- 
rent type. The deBciency of woody tissue which we see in plants 
called succulent, ix accompanied by a bulkiness of the parts which 
prevents any considerable ceilatlong; and this characteris also 

bitually accompanied by a dwarfed growth. When, leaving these 
relations as displayed externally, we examine them internally, we 
find the facts uniting to show, ies thoir agreements and differences, 
‘that between the compression of the eap-canals and the luction 
of wood there is direct relation. We have the facts, thatin each 
plant, and in every new part of exch plant, the formation of apn 
canals precedes the formation of wood ; that the deposit of ws 
matter, when it begins, takes place around these anp-canala, an 
afterwards around the new sap-canals successively developed; that 
this formation of wood around the sap-canals takes place where the 
coats of the canals are domonstrably permeable, snd that the amount 
of wood-formation is propertiiuatt top ener And then 
that the permeability and extravasation of sap occur wherever, in 
the individual or in the type, there are intermittent compressions, 
is proved alike by ordinary cases and by exceptional casee. In 
the one class of cases we see that the deposit of wood round the 
veusels begins to take place when they come into itions that 
subject them to intermittent compressions, while it ceases when 
they become shielded from compressions, And in the other class 
‘of cases, where, from the beginning, the vessels are shielded from 
compression by surrounding fleshy tissue, there ix a permanent 
absence of wood-formation, 

‘To which complete agreement botween the deducti 
tivo inferences has to be added the direct proof supplied by expe 
ments, It ix put beyond doubt by experiment that the liquids ab- 
sorbed by plants are distributed to their different parte through their 
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vossols—at first by the spiral or allied versels originally developed, 
and then by the “aed te formed te ‘By 
it is demonstrated that the intermittent, conpremrs by oo 
cillutions unge the sap along the wesmela aod ucts. And it isalso ex- 
werimentall vedthat the sume intermittentcompressions produce 
Eecdition! pap from vessels and ducts into the: au tissue, 
the processes here described, acting throagh all past time, 
have suiticed of themselves to develope the su) ing and digtribut- 
mnotures ce ia not alleged, share the natural 
tion of variat ets, Kinga spontancous, has bad in estab- 
lishing them, is’ question which remains to be discussed. Whether 
acting alone natural selection would have sutfliced to evolve 
vascular and resisting tissucs, 1 donot profess to ‘That it 
been aco-operating cause, I take to be self-evident it must all , 
have furthered the action of any other cause, by preserving the in- 
dividuals on which such other cause had acted moat favourably. 















here played the part of an accelerator, 


EXPLANATION OF PLATE, 

Fig. 1, Absorbent organ from the leaf of Euphorbia neriifolia. 
The cluster of fibrous cell Reralee one of the terminations of the 
vascular system is here imbedded in a solid parenchyma. 

Fig. 2. A structure of analogous kind from the of 
elastica, Here the expanded terminations of the vessels 
Ledded in.the network parenchyma, the cells of which to 
form envelopes for them. 

Fig. 3. Shows on a larger scale one of these absorbents from 
the leaf of Panaz Lessonii. In this figure is clearly seem the way 
in which the cells of the network parenchyma unite into a clomely- 
fitting case for the spiral cells, 

Fig. 4. Represents a much more massive absorbent from the 
naan beak hiss curing tissues being omitted. 

Fig. 5. Similarly represents, without its sheath, an absorbest 
from the leaf of Clusia flava, 

Fig. 6. End view of an abeorbent organ from the root of a 
Turnip. It is taken from the outermost layer of lis 
funnel-shaped interior is drawn as it presents {itself when looked 
at from the outside of this layer, its narrow end being directed 
towards the centre of the Turnip, 3 

Fig. 7. A longitudinal section through the axis of another: 
ongan, showing its annali of reticulated cells when cut throxy 
‘The cellular tisewe which fills the interior is eapposed te be re . 
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Fig. & A loss-doveloped absorbent, showing its approximate 
connexion with a duct, Tn their simplest forms, these structures 
consist of only two fenestrated cells, with their ends bent round 
seus tomevt. Such types occur in the central mass of the Turnip, 





whore the vascular system is rolatively imperfect, Besides the 
comparatively regular forms of these absorbents, there are forms 
composed of amorphous masses of fenestrated cells, It should 
be added that both the regular and irregular kinds aro very vari- 
aNlc in their numbers: in ome turnips they are abundant, and in 
othcrs scarcely to be found. Possibly their presence depends on 


inte. 
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the age of the Turnip. Judging from the period during which 
my investigations were made, namely winter and early spring, I 
suspect that they are developed only in preparation for sending 
up the flower-stalk. 

Let me add that experiments on circulation in plants made 
during the state of inacti when it is to be presumed that the 
vessels and tissues contain but little sap, are much more suc- 
cessful than those made in the summer, It would seem that 
when the tissues are fully charged with sap the taking up of 
dyes is comparatively slow aud the above-described effects are 
not so easily demonstrable. 





[An expert writes concerning this essay:—“1 have not 
attempted to annotate critically this paper. There is no doubt 
that many of your conclusions are perfectly sound, particularly 
those relating to the passage of crude sap through the cavities of 
the elements of the wood, though the opinion that the actaal 
passage was through the walls very gencrally held till about 12 
years ago.”] 
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ON THE OR:GIN OF THE VERTEBRATE TYPE. 


[When studying the development of the vertelwate skeleton, there 
ceccurred to me the following idea respecting the possible origin of the 
notochord. Iwas eventually led to omit the few poges of Appendiz in 
which I had expressed this idea, because it waa unsupported by develop~ 
mental evidence. The developmental evidence recently diseovered, how- 
ever, has led Professor Haeckel and others to analogous views respecting 
the affiliation of the Vertebrata on the Mollsccida, Having fortu- 

nately preserved @ proof of the su; pages, Iam able now to 
add them. With the omission orem rfluous paragraph, they are 

inted verbatim from th proof, which dates back to the autumn 
F 1805, at which ‘time the chapter on “ The Shapes of Vertebrate 
Skeletons” was written.—December, 1869.) 


| The gonoral argument contained in Chap. XVI. of Part 1V., 1 
have thought it undesirable to implicate with any conception more 
speculative than those easential to it; and to avoid so implicating 
it, I transfer to this place an hypothesis respecting the derivation 
‘of the rudimentary vertebrate structure, which appears to me 
worth considering. 

Among those molluscoid animals with which the lowest verte- 
brate animal bas sundry traits in common, it very generally happens 
that while the-adult i stationary the larva is focomotiras, The 
locomotion of the larva is effected by the undulations of a tail. In 

young Ascidians is not altoget! 

unlike a Tad And ae the ‘tail of the Tadpolo disappears 
when its function comes to be fulfilled by limbs; so the Ascidian 
larva’s tail disappears when fixation of che larva renders it usoless, 

‘This disappearance of the tail, however, is not without exception. 

The Appendicularia is an Ascidian which retains its tail through- 

out life; and by its aid continues throughout life to swim about, 

Now this til of the Appendicularia has a vory suggestive structure. 

It is long, tapering to a point, and fattened, From end to end 

there runs a mid-rib, which appears to be an imbedded gelatinous 

rod, not unlike a notochord. Extending along the two sides of 
od 
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ieee ste bnpates of uaa Seared pease 
gangliated nervous thread, givi fat intervals, te 
fuscular Nbres. In the Appendicalaria this tal, whieh is iasertel 
at the lower part of the , #s bent forwards, 80 as Bot to 
cnpted for proplling the body of the enlmal head farvmest Bt 
the hom us tails of the larval Ascidians are directed 

80 as to juce forward movement, If we 
Appendicularia in the stractare and insertion 
‘but resembling the lareal forms in the direction tail, 
think, not difficalt to wee that functional adaptation joined silk 
natural selection, might readily ace a ype jinaati 
that whose origin we are consi isa 

that am habi - locomotive ereatare would profit by 
creased power of locomotion, This granted, it 

such further development of the tail-structures as might 
from enhanced function, and sech better distribation of 
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be 
Jongation forwards of the central axis of the tail into 
back. As fastas there this fusion of 
powerfal tail with the body, the would begin 
‘oscillations : and at the same time the 
advanced along the dorsal region, its accompanying’ 
would over the sides of a ere 
and insertions a2 their new 
most advantageous, Withoct further explanation, 
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‘Of course, if the rudimentary vertebrate apparatus thos grew 
into, and spread over, a molluscoid visceral system, the formation 
of the notochord under the action of alternating transverse strains, 
did not take place as suggested In § 265; but it does not therefore 
follow that ite differentiation from surrounding tissuos was not 
mechanically initiated in the way described. For what was said in 
that section respecting the effects of lateral Santina of the body, 
equally applies to Intoral bendings of the tail as fast as the 
developing tail encroached on the body, the body would become 
implicated in the transverye strains, and the differentiation would 
advance forwards under the influences originally alleged. Obviously, 
too, though the lateral muscular masses would in this case have a 
different History ; yet the segmentation of them would be eventually 
dotermined by the amigned causes, For as fast as the strata of 
contractile fibres, developing somewhat in advance of the dorsal 
axis, spread along the soe, they would come under the influence 
of the alternate flexiona; and while, by survival of the fittest, thoir 
pa became adjusted in direction, their segmentation would, as 
before, accompany their increasing massiveness. The actions and 
reactions due to lateral undulations would still, therefore, be the 
causes of differentiation, with which natural selection would co- 


operate. 
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THE ANXULOSE TYPE 


‘Tux production of a segmental structure ee 
ments, sugested in Appendix D, ax alxo in 
1858) as explaining ihe | vertebral column, Le 
suggested by Prof. Rorschelt as the cause of that 


as annulose type which ate the name to it, He e 


way by embryology.” 
I venture to think the tare ve 





which ees the process of rik tb bseae i 
asermption that there Meck paca rearrangement of 
individeal organs” of “an unaegmented, elongated 
form,” in such wise that the ongans, previously 

af arr eee ted peng 
wore substi many i 
thn general law of croletion, argenic.and| other —fusplon aah 
integration but disintegration. Everywhere the advance ice 
many like parts performing like functions to relatively few wnlike 

og as Cees ‘The higher forms of the 

(as laahep ww this, Compare a myrispod and a crab, 


one we have not only a great naraber of 
miler limbs, but we have in nach aogmest into 


nerve cords small gunglon—and 60 on en 
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besiden relatively fow segments and fow limbs (sundry of them 
extremely unlike the rest) we have a vascular system concentrated 
into a central heart with arteries and a concentrated nervous 
system, such that the great ganglia in the in id. carapace 
immensoly subordinate the ganglia of the remaining segments: 
and similarly with the other organs. Now unless it be deniod 
that theso highest decapods have been evolved from low types 
akin to myriapods in composition, it must bo admitted that the 
prog has been from @ string of many like segments with 
similar sets of ongans to a group of relatively-fow unlike segments 
with dissimilar sets of organs. If so we cannot rationally deny 
that the progress has been of this naturo up from the lowest 
annelid, instead of having been, as Prof. Korschelt's hypothesis 
implies, of opposite nature at the beginning. 

In 2 preceding passage a clear recognition of the normal 
course of development occurs. In opposing the view set forth in 
88 200-7 of this work, Prof. jee 

“It seoms scarcely favourable to this theory that the degree of inde 
rodence, which the Individual sagmonis prosent ls compamttvaly lig 

mast fnportant organs (nervous ayatom, body musculature, bloodaase 
lar syxtem) show themselves to be vingle fundaments of the’ entire body, 
and are also developed as such even though they also exhibit evidences 
‘of metamcriam. Even the excretory canals may give up their segmental 
‘espe become united to one another by means of longitudinal canals,” 

ps HS) 

On turning back to £ 206, the reader will, L think, demur to the 
assertion that the independence is * comparatively slight” ; sooing 
that, as in Ctenodrilua, a single segmont sometimes becomes sepa- 
rate and reproduces other segments to form a new series, Instead 
of admitting that “the most important organs" “show them- 
selves to be single fundaments of the entire body,” it may be 
held, contrariwise, that their original independence in cach seg- 
‘ment is masked only to the degree involved by their cooperation 
as parts of a compound organism. But chiefly 1 remark that 
when it is said that “the excretory canals may give ap thoir seg 
mental isolation and become united" by “longitudinal canals,” 
there ix a clear confession that the isolation of these organs was 
original and their union superindaced—an implication that the 
course of evolution is a8 T have described it, and at variance with 
the course of evolation assumed by Prof, Korschelt. 

Yet another incongruity is involved in his interpretation. He 




















in the consideration of the tae-worm chain we were induced by 
the comparison with uncemented forms to refer the entire chain to an 
unsegnented individual, and, on the other hand, to sec In the proglottis, 
not a complete ini bor only the abstricted hinder portion of the 
body of the Cestode. in the me manner, hh much moro reason, We 
adhere to the individuality of the Annelid body.” (P. 349) 
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“And then on ho precoding page, roaring fa HER poeseteoa ot 


the Annelid body, he says :— are 
those with the tapeworm chain and with the of the 
Scyphomedusw.” Now since it is here assumed that the 
worm and the strobila are at ion, it is 


in compositis 

that the detached proglottis the detached medusa are analo- 
gous; and hence if we are to regard the proglottis as “not a com- 
plote individual but only tho abstricted hinder portion of the bedy 
of the Cestode,” then we must similarly ‘the medusa as not 
a complete individual, but enly the abstricted hinder of 
the strobila. This commits us to the aanees ‘that 
whereas individuality is ascribed to the original simplo polyp, 
and by-and-by to the partially-sogmented strobila, these 
are without special senses and with only radiments of museular 
and nervous systems, individuality is denied to the detached 
meduea, which has organs of senso, a distinct nervyo-muscular 
system and a considerable power of locomotion, as well ax a 
generative system: traits which in other cases eharactorize 
developed individuals, Here also, then, there seems to be an 
inversion of the ordinary conception. 

This conception of the proglottis and the medusa is, I see, 
accepted by some as tenable, But if we accept It we 
also an mas aks conception, which will T think be rogarded as 
untenable, It is that supplied by the Aphides, From an 
proceeds a series of sexless and wingless females, and at the 
of the series there come winged males and fomales with resulting 
gamic reproduction. If instead of forming a diserote series the 
imperfect females formed a concrete series, the members of which 
could individually feed without being detached from one another, 
as the segments of a tapeworm can, the ism would be 
complete; and then, according to the view in question, we should 
have to regard the perfect males and females eventually arising, 
‘not as individuals but as terminal portions of the series, contain- 
ing generative products and having winge for the dispersion of 
them—locomotive egy-bearing segments of the chain, 

‘espouses this view must hold either that the fest imperfect female 
‘of the serios was the individual or that the entire string of them 
‘constituted the individnal (in conformity with a view once 

pound by Prof. Huxley). But he must do more than ike 


the order Hemiptera, he must hold that among those remote 


ancestors cach ery fly, male or female, was an individual; 


but that when abundant food snd inert life led to the partheno- 
etic habit, and to chains of sexless forma the males and 

) eventually produced at the end of each chain, 

like their remote ancestors, possessed of procreative organs 

wings, are not individuals. 


ince the Aphides have descended from some winged species of 
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@ memoranda bearing on the ion here discussed, 
mislaid at the time when the chapter dealing with it was revised, 
have beon discovered in time for utilization in thir appendix.) 

Ono of my critic says! — 
“ You have overstated the ease in favour: the atimentary canal docs 





not, a8 you auggest, show a sezmentat ing to that of the other 
organ in Awuelige. Bhiber its le uniform tube, or else ita differ. 
eatiations (pharynx, is, crop, intestine) aro quite independent of 


the repetition of the somites, 
In prosence of statements made in works of anthority, this objec 
tion greatly surprises mo, I meet with the descriptive word 
“moniliform” applied to the intestine in some Annelida, and 
then in the Text-book of Clans, translated and edited by 
Sedgwick, it is sad, concerning the alimentary canal in the 
Annelida 
“ which occuples the 
Thie is followed by the gastric region of the aoe mples the 
mirieted in correspondence with the segments, of possesses lateral diverti- 





“The intestine usually preserves the samo structare in ite entire length 
and ie divided by regular constrictions into a nomber of divisions or 
ebambers, which correspond to the segments and dilate again into lateral 
diverticula and vcs.” 
‘The alimentary canal thus ats the segmental character as 
clearly as consists with fulfilment of its function. Lf the suc- 
cessive segments are cooperating units of a compound animal 
having but one month, thon, necessarily, the gut cannot be com- 
pletely cut into parts, each cea to a segment, for there 
could be, in that case, no passage for the food. If the portion of 
the intestine belonging to each sogmont has a conspicuous dila- 
tation, or has « cwcam on each side, it exhibits the segmental 
character as much as the physical requirements permit, So far 
from being at variance with the Herediaes its structure exhibits 
8 verification of it. 

‘The next objection runs as follows:— 

“Then, again, the ovaries and tostos do not exhibit » corresponding seg: 





mentation.” Whee it is allowable to speak of orary of testis at all as in 
Lumbricws, we find that in the case of both organs we have at most tro 
pairs” 

It seems to me that the distribution of the gonerative organs in 











a comparatively-developed member of the Annelid type, is not the 
are We have to ask what it is in (cocaine! vat Be of 
that type, Among them the repetition of generative parts ix in 
somo eases just what the theory implies, ‘Thus in Claus I road :— 
“In the marine Chatopoda, the ora or spermatozoa originate on 
the body-wall from cells of the peritoneal membrane, either ia 
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the anterior segments alone or along the whole 
body.” So that in these last cases there are, in all 
parts from which arise generative products. 


tH 
i 


parts are not detinite ovaries and testes is irrelevant, Ovaries 
and testes are develo erative structures, and in the onder 
of evolotion are led by undevel ones; and the fact that 
these undeveloped ones are found in wpe 7 members of 
the type conforms perfectly to the hypothesis. [1 may remark ix 
passing that here is a good illustration of that geen evolu- 
tion which, in the above speculation of Prof. Rorschelt, is sup- 


posed to be inverted: many dispersed, similar, and indefinite 
parts, are integrated into w few localized and definite ] 

In continuation the critic above quoted eo by patton 
is that the repetition of segments in an An isa 
of the same nature as the repetition of hairs in a or of 
scutes in a Reptile”, and he proceeds ale instances of repe- 
titions of organs in other types, as of the rey strac- 
tures and excretory system in the young Dog-fish or of the 
ovaries in Amphiorus. Theso Ginin do not seem to mo 
relovant. No parallelism exists between the Ea peo of a par. 
ticnlar organ in an animal, and the repetition of an entire cluster 
of organs constituting & physiological whole. ‘The repetitions of 
the ovaries in Amphioews and of the excretory system in a young 
Dog-fish, occur without threatening to divide into similar 
the entire o1 m. But the segmental itions in an annn 
lose creature implicate the structures at and would, if 
pushed a little further, result in separate creatures. 
of a low Annelid contains alimentary, vascular, nervong, exere- 
tory, reproductive, sensory and locomotive organs—all the ongans 
required for carrying on life, sarc certain organs of external 
relation which its position excludes, When there is shown some 
vertebrate animal, o1 to-vertebrate animal, that is divisible 
into parts cach of which is in great measure physiologically inde- 
pendent, I shall feel obliged to abandon my pine 


While this appendix is in hand I have received from another 
expert, whose view is in genoral agreement with my own, a letter 
containing the following passage 
“You will soe that Dohm's theory was the antithesls of 

of vartabrata simian, nares that he verte were by, 
mentation, from mec! causes of ‘originally simple, 
sf yours, Las hoes cuafioaed ky, muse ssnaiseee UMTS 
fo mont primidee fori allied to dhe Vervebraien, 
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originally simple and not segmented animala, especially the fact that there 
is originally one pronephric duct or primitive kuluey.” 

Nevertheless there survives « leaning towards the notion of a 
segmental origin of the Vertebrata, But the repetitions of organs 
named in support of this notion have, | think, no more relation 
to the genesis of the vertebrate type than the multiplication of 
vertebra in a snake has relation wo the gonesis of the vertebral 
column, 
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THE SAPES AND ARRANGEMENTS OF FLOWERS, 


Tw Part IV,, Chapter X., under the title of “The Shapes of 
Flowers," I have, after describing their several kinds of symmetry, 
ns habitually related to their positions, made some ret by way 
of interpretation. The truth that flowers exhibit « radial symmetry 
when they are so placed as to be equally affected all roand hy 
incident forces, having been exemplified, and also the trath that 
they assume a bilateral symmetry when they are so placed that 
their two sides are conditioned in ways different from the ways im 
which their upper and lower parts are conditioned: I have gone 
on to inquire (in § 224) by what causes such modifications of 
form are produced. J havo statod that, originally, I inclined to 
ascribe them entirely to differences in the relations of the parts 
to physical forees—light, heat, gravitation, etc; but that I found 
sundry facts stood in the way of this interpretation. And 1 have 
said that “Mr. Darwin's investigations into the fertilization of 
Orchids led me to take into account an unnoticed agency.” Con- 
tinuing to recognize the physical forces as factors having some 
influence, I have concluded that the most important factor is the 
action of insects; which, aiding most the fertilization of those 
flowers which most facilitate their entrance, produco, in course of 
generations, a form of flower specially adapted to the special 
position. 

Though still adhering to this interpretation, I hare since found 
reason to think that the original interpretation contains # 
portion of truth than 1 supposed at the time when I was led thus to 
revise it, Whilo staying at Mirren, in Switzerland, in 1879, I ob» 
served some modifications in a species of Gentian, which proved tome 
that the action of incident physical forces on flowers is, in some ease, 
very rapid and decided, The species furnishing this evidence wes the 
Gentiana Asclepiadea ; which [found in acopse formed of bushes that 
were here wide apart and there closc together. In some plates mot 
near to the bushes, the individuals of the species grew vertically ; its 
other places, partially shaded, their inclined shoots curved in such 
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diroctions as to got the most light; and in other cases their shoots 
were led to take directions almost or quite horizontal, That, along 
with these modifications in the directions of their shoots, there went 
adjustments in the attitudes of their leaves, was a fact not specially 
worthy of remark; for plants placed inside the windows of house 
habitually show us that leaves quickly bend themselves into atti- 
tudes giving them the grentest amounts of light. But the fact 
which attracted my attention was, that the flowers changed their 
attitudes in an eqanlly-marked manner, ‘The radial distribution 
passed into a bilateral distribution with the greatest readiness. 
Comparison of the annexed figures will show the character of this 
change. 

‘gure I, represents part of a vertically growing shoot. ‘This 
belonged to au individual growing unit ed by bushes, and geting 
light on all sides. Here it is observable that the pairs of leaves, 
placed alternately in diroctions tranaverse to one anothor—one pair 
pointing, say, north and south, and the next pair pointing cast and 
west—rmaintain, taking them in the be Shs ide radial distribution ; 
and it is also observable that the alternate pairs of flowers are 
similarly arranged, 

Figure IL. is a sketch from a shoot which leaned towards one 
side, and of which the higher part, ns it bent more and more, 
pt ite npPer side more and more differently conditioned from its 
lower side, Here we find that not only the leaves, but also the 
flowers, have adjusted themselves to the changed conditions, ‘The 
leaves of the lowest pair hang out in the normal way, on the op. 

ite sides of tho axis, o that a plane passing through their sur- 

‘aces will cut the axis tranaveracly ; and their two axillary flowor- 

buds, ¢ and d, are similarly placed on opposite sides of the axis, 
But at the othor pee of the shoot, we see both that the leaves have 
adjusted themeclves #0 that their planes, no longer catting the axis 
transversely, keep a fit adjastinent with respect to the light; and 
also that the flowers, no longer on opposite sides of the xis, have 
Dont round to the upper side, as ata and d. 

Figure II. shows us this re-arrangement carried still further. 
‘The shoot it represents was growing in a direction nearly horizontal, 
and therefore receiving the light only on one side. And here, 
besides seeing that the leaves have so adjusted themselves that ther 
all lie {n approximately the same plane, which is parallel to the axis 
instead of transverse to it, we see that the two pairs of flower-buds 
have both come round to the upper side of the axis, So that 
in this shoot, the original radial symmetry in the arrangoment 
of leaves and flowers, is completely changed into a bilateral 
symmetry, 

‘These facts do not, it is true, prove any modification in the forms 
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of the flowers themselves : they onl ve modification in the 
grouping of the flowers. But beyond showing, as they do conclu- 
sively, how roadily a bilateral arrangemont of lowers ix ible 
out of sn arrangement that was not bilateral, by the action of light, 
ete, ; they give increased probability to the belief that changes in the 
shapes of flowers are producible by the same agencies. Doubtless 
this euege in the attitudes of the flower-buds is due to the action of 
light on their calyces and peduncles more than to its action on their 
unfolding corollas. Bat along withanaction so decided on the growth 
of thew sheathing and mipporting organs con ningeblorophyl, itis 
soarvely probable that there is no action on the growth of the petals, 
containing other colouring matter; considering that in both cases 
the development of the colouring matter depends on the action of 
light, and considering also the effect of Nght on petals, farniliarh 

own by their opening and closing. And if even but # al 
offect ix prodacibte ‘on the growth of the corolla, then it is to be 
expected that light will be an agent in changing the form of the 
corolla, when the attitude of the flower causes its to be dif- 
ferently exposed. For a small effect on the individual flower will 
become a great effect in the flowers of remote descendants; pro~ 
vided the changed attitudes of the flowers preserve considerable 
constancy throughout the succession of individuals, 

Be this as it may, however, the facta I have here described, 
which I doubt not other observers have seen paralleled in other 
plants, are instractive, as showing bow quickly certain metamor- 
phoses are prodaced, and as implying the easy establishment of such 
metamorphoses as permanent charade in a species, if the modify- 
ing conditions become permanent. ‘The changes of arrangement 
Thave pointed ont, do not become permanent in thia species because 
its Individuals are variously affected Ly the modifying forces: on 
some they do not act at all, on some a littl, on some much ; and 
evon on the same individual the different shoots are Sake shied 
affected. But if the habit of thie plant wor ay se 4 
for instance, by spreading into habitats yielding abundant nutri- 
ment, the plant became very luxuriant, and, multiplying its 

rew shrub-like ; it is clear that, being shaded by one another, these 

ranches would be habitually circumstanced in away like that which 
wo hore sce produces bilateralness in the distribution of the flowers, 
if not in the towers themselves; and being thus permanently 
affected, would become permanently bilateral, Accumalating bi 
inheritance, what is here only an individual peculiarity, woul 
become a peculiarity of the species—a specific character, 
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PHYSIOLOGICAL (OR CONSTITUTIONAL) UNITS 


‘Turn bus recently come before me a fact which has a signifi. 
cant bearing on the hypothesis of Constitutional units: serving, 
indeed, to give an tly conclusive proof of its truth. Before 
stating it, however, 1 may with advantage restate the several 
evidences already assigned in support of Ht. 


1. First comes the @ priori reason, These units in the germ of 
an organism which cause dovelopment into a special 
cannot be chemical unite—cannot be simply molecules of 
substance in one or other of its forms; since these are not special 
thay bo Tits ey nay call norpalarcal las oe 
thoy bo what we may ie te or 
plates because in the carly mee development the olla of 
one organism are indistinguishable from those of and 
becense were celle. the unlr of cdrapodltion| abara/ ema 
interpretation of whvt are catled anleelfular 
to 2 Siete the se Aral EE te, Hi } 
necessity, the structural elements of which each organism is buile, 
being. neither proteld, molecules, ner’ eal sawaste 
betwoen thom: probably some complex combination of d 
isomeric forms of proteids, 


2, That units of such natures aze the essential Papper 















each species of onzanism, is shown by the fact that in low 
ereatures, little differentiated into xpecial tiasues, any vate na 
portion of the body will, when separated, bogin to aswame the 
structure ria to the specics—a tith recently shown afresh by 
Prof.T. I. Morgan's experiments on the regeneration of reed 
maculata (alrendy referred to in § 206) showing that various frag- 
‘ments cat out develop into new individuals, and that whem, 7 
too small they dic before doing this, there is always an abortive 
attempt to assume the specific structure, + +s 
* 
3, This trath that a portion of endifforvntiated tissue, if, 
iqusti'du quaathy, annmee the structure of the type, illus in 





PHYSIOLOGICAL (OR CONSTITOTIONAL) UNITS. 613 


as It doos the proclivity of the constitutional units towards the 
structure of the species, allies itself with the phenomena of both 
agamogenesis and gamogencsis, The first of these shows us how 
a tissiparously-detached portion of the parental tissue takes on 
the same form ax the parent; and the second shows how those 
small detached portions distinguished as sperm-cell and germ:cell 
also, when united and supplied with the needful materials, do the 
same thing. 








4. But the set of phenomena following the union of cell 
and germ-cell differ in s certain way from those which follow 
when & gemma or other unfertilized portion of parental tissue is 
piers Tho incomprehensiblenoss of this difference as other- 
wise contemplated, and the partial comprehensibleness of it when 
pee with the Lapeieat of physiological units, furnish # 
rarther support for the hypothesis, 

‘The familiar trath learnt by the tyro in algebra that an ap- 
paront solution which contains the unknown quantity is no 
solution, is a truth to be overlooked in other spheres than 
the braic. An ij ition is supplied by the answer onco 
given in Parliament to the question "* What is an Archdeacon ?”” 
—* One who discharges archidinconal functions” Butscience as 
‘well ns daily life furnishes examples. When it is said Le oe 
mann, Hensen, Hertwig, and Maupas that “the essential ond of 
sexuality is rojuvencacence, that is, the restoration of growth- 
energy,” we have another instance of un explanation which explains 
nothing. What is the phenomenon 2 Les ained RL un- 
folding of an organism from a germ which displays growth-cnorgy. 
‘And what is theexplanation The giving of fresh gronthrenengy 
‘The unknown quantity “ growth-energy” is contained in the 
explanation p ‘There exists no conception of “ javen- 
escence” save that derived from observing developing a and 
animals; and if “re” be prefixed, no interpretation is thereby 
given to the unexplained thing * javenescence,” 

Coleridge somewhere comments on a source of fallacy which he 
calle the “hypostasis of a relation”—the changing of a relation 
into s thing. Tho plumber who tells you that water rises in a 
pamp “by suction” supplica an instance, Having assumed suction 
to be an agent, he thinks that he understands how the piston does 
its work, Some of the explanations given of fertilization supply 
further instances, Whon it that sexual union has for its 
end “to give ineréased vigour to all the vital processes,” it is 
tacitly implied that vigour ix a somethi something whic! 
can be given. But now, in the first place, it is only by the hypo- 
stasis of a relation that we are led to think of vigour as a thing. 
Vigour is a state—that state of a living body which enables it to 
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ive out mach motion, What cnables ittodo this? The presence 
ne of abundant molecules containing much molecular a 
which can be transformed into molar motion: the transformati 
being effected by the falling of these molecules into thelr simpler 
and relatively-inert components, which are thereupon excreted. 
Beangy-sonssinlog matter is used ap, and more energy or 
can be given only by ear more such matter. How 
can the union of two nuclei—those of the sperm-cell and = 
cell—give vigour? Only an infinitesimal portion of vigour tn the 
genge above axed baa ee and the wlan of them 
leaves it still intinitesimal, An on, even sUppowil i 
& bein Gutiiy ond tobe appreciabieols Ressler could i 
go on producing that immense combination ‘iologi 
actions seen in the unfolding of the germ into an organism | and 
how could it go on producing the porneegeed actions of wn adult 
organism during a whole century 

May we not then say that these proposed explanations leave the 

question where it was—are nominal solutions, not real solutions? 


5, But the hypothesis of constitutional units furnishes, if nota 
satisfactory answer yet, something in the nature of an anawer—a 
true cause; that ia to say, a cauge actually known to ua ag 
operating in other cases. In $92 it was pointed out that im 
proportion as units are similar, there may be built up from them 
nn nggregate which is relatively stable, and that along with in- 
croasing Tiseimilarity the stability of the aggregate decrensen, It 
was inferred that if a group of constitutional units belo te 
tne iodividaal which bre become imonldedl Inka Selalvalyiaeste 
congruity with the organism and with one another by eo. 
‘operation, are minglod with some belonging to another 
which, differently circumstanced, has become somewhat differoat 
in itself and in ‘its units, then the mass formed by the unton of 
the two groups will be relatively unstable—relatively modifiable 
by incident forces. Whereas in either organism, no lives ee 
petually changed in the relations of its parts by grow is 
an approach towards equilibrium between the le and its com- 
ponents, the components contributed by the two to form « 
germ, being slightly unlike one another, will not form a 
fo a state of equilibrium. The group they form will be 
of easy change by incident forces; and they will 80 be 
free to follow their livities towards the typical form of the 
species. Inferring this we must also infer that so long as these 
two sets of slightly different units are not exposed to any constant 
forces tending to coerce them into the same form, there will con 
linve to exist in the nuclei of all descendant cells this same rela 
tive instability and consequent plasticity. —_ 
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‘Such evidence as we have verifies this interprotation, ‘There is 
first the universal fact that development of the germ begins 
when it is exposed to an incident force—heat—the undulations of 
which, increasing the oscillations of the mixed units, give them 
greater freedom to arrange themselves in conformity with their 
type. We see this alike when spring warmth mi a seed 

inate and when the warmth of u sitting hen sets up organiza. 
Lion in her eggs, Heat froos the molecules of inorganic matter 
from local restraints and, as we sce in molten metal, lets them 
yleld to other forces; and similarly in thi lic matter, the 
units are made free to follow their proclivities. Then, secondly, 
thero comes the ovidence from comparisons between the effects of 
mixing constitutional units differing in various Tet 
cluster of mixed units be derived from animals that are ordinally 
distinct. Nothing happens. The units each contributes tend to 
arrange themselves after the parental type, Hence a conflict 
between the tendencies towards two markedly uulike structures, 
and no structure arises, Suppose the wixed units come from two: 
Kindred species—say horse and ass. The structures which they 
respectively tend to form, being in their main characters alike, 
uch cooperation as produces a working organisin but an 
organism In certain respects imperfect—a mule, Suppose, again, 
the units come from two varieties of the same species, A ‘porfect 
organism results, and, as shown by Mr. Darwin when detailing 
the effects of crossing, an unusually vigorous organism. ‘The 
unite being more unlike than those belonging to the same variety, 
the instability of the gorm-plasm is unusually great, and tho 
transformations which constitute development and action become 
unusually active. When, ns in ordinary cases, the unite aro suj 
plied by members of the sume variety who have not been made 
very much alike by their antecedents, there follows the usual 
amount of organic vigour. Coming now to the results of breed- 
ing in-and-in—breeding between individuals whose constitutions 
(ie constitutional anits) bave for generations been growing more 
alike in the absence of crossing with other a see that 
diminution of organic vigour is Se there is a decrease in 
the rate of physiological change, Finally, on coming to a closer 
relationship, a8 in marriages between cousins, in whom the 
constitutional units are more than commonly alike, we see there 
frequently follows either barrenness or the production of feeble 
offspring. 

All these facts, then, are congruous with the hypothesis that 
the use of fertilization is the mixing of unlike units, and conne- 
quent production of plasticity. Leaving out cases in which the 
unlikenesses are 80 gront as wholly to prevent cooperation among 
the units, the degree of vigour, that is, the activity of physiologi- 
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cal change, is great where the onlikeness ix Land diminishes 
with egal Sy towards likenoxs, " 


6, The existence of constitutional units seems otherwise 
necessarily implied. I refer to the fact that no organism is 
homogencous mean between its parents but consists of a mixture 
of parts, some following one parcat and some the other, Among 
illustrations of thix the most conspicuons are those ylelded 
the varionsly-mixed colours of hair or feathers. Horses, cattli, 
dogs, cats, hens, pigeons display these mixtures: colours is one 
place like the mother and in another pluce like the father, As the 
fovernal organs are invisible, and ns visible ongans have indefinite 
shapes and graduste indefinitely into adjacent ones, the mixture 
of traits is elsewhere less conspicuous; but occasional marked 
cases (especially in malformations) leave no doubit that it pervades 
the entire o1 

‘This poculiarity of transmission seems necessarily to imply that 
there are distinct units derived from the two parents, and iat in 
the course of development there Is more or lesa tion of 
them—those of the one origin predominating go far im some 
places as to give special likeness to one parent, and those derived 
from the other doing the like in other places. All which inter- 
pretation is impossible unless the hypothesis of constitutional 
units be admitted. 











7. Teome at length to the special evidence referred to at the 
ontset, It is evidence of the same nature as that just assigned, 
but carried to a higher stage. It is furnished not Pays 

tion of traits derived from two parents of the same variety, 
mt is furnished hy the segregation af traits derived from ts 
‘of different varicties, In articles on “ Bud Variations or Sports” 
(Gardener's Chronicle, 1891) Dr. Masters gives various exam; 
of the separation or unmixing of ancestral constitutions Mr. 
Noble formed a hybrid between Clematis Jackmani and C. patens. 
One of these varieties flowers in the autumn on new wood, while 
the other flowers in the spring on old wood; and the result is 
that flowers of two kinds, quite unlike, are produced at different 
parts of the year, and that by pruning so ax to cut away one oF 
other act of shoots, the plant may be made to produce exclesively 
for the time being one or other sort of Bower. 

© Avother very interesting case of anrix! or, if it be preferred, of 
Sal mice sttorded. by Necher’a Berber Thia i a Byte ieee 
the evergreen plnnatebeaved Mahonia Seciducue  almplecleawed 
Berberis ramet and it bears jeaves some of which are Intermediate Its 
appearance, while others are taweh Like those of ene of other of its 

“A$ not uncommon iVetration of « similar Ried, tthe «fa 
Pench and @ Nectarine on the came branch, and we Rave just learut from 
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Canon Ellaconsbe that some of the Berlin Helleboros show evidence of thelr 
hybeid nature by occasionally producing flings [and Bowers?) of the two 
parents separately Crom the same rootstock. 

“Tn abditon to uve edges given abors, wo may bere cites few more which 
hare come under our notices, such as a Chryewnthomum, of 
wtblch are of one colour, half of another, "A hybrid. Calanthe, showin 
Fiilar pichald vasatlen, i sowal In Fig. 14. A. vary curious cts was t 

Narvisaus received from Me. Walker, and ian which flowers of two 
Gotan varetion sprang: frows the.eason Dell Grapes’ ok unscssmnouly 
show thelr crossed” origin by prosntig a siipell eppersece, ons mips 
tring of one colour, ove of another, a® ray alto be reen in the Orang, 
Apple, Lemon, and Curran 

Thus, however the Xe is constituted its essential com- 
ponents cannot be all alike, Beforo there can be this diseociation 
of ancestral characters, there must be in the germ-plasta different 
elements capable of being dissocinted. This single fact seems to 
compel ux to assume constitutional units, 
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‘THE INHERITANCE OF FUNCTIONALLY-CATSED 
MODIFICATIONS. 


Ix Part IT, Chapter. X4, Thave confessed that the p ty 
which a structure changed by use or disuse affects tec poeet 
cells or -cells whence arise desecndants, is unimaginable 
without, however, inferring that therefore such a 
not exist. With others it seems different. Some 
ago the following expression of opinion came to 
zoological expert -— 


ig], 
He 


© Man: of us here at Carbridpe—are intensely opposed 

to the doctrine of the Inberitablllty of acquired variations Even assuming 

that the developmental of a germ is determined by its molecular 

structure (and 1 for one would question thir—Deictch and bis school when 
Gad Neer em Bienen 8 resid ae of 

wit altering the final revuit, that one 






we till fall to conceire any 
development of a muack er zerve can effect a 
part of the germ which Is destloed te produce = 
Aesecadant™ 


Here it will be observed that belief in the inheritance 
structural effects wrought by use and disuse, is rejected became 
of inability “to conceive any means” by which the modifications 
produced in an organ can effect a correlated modification in the 
germ of a descendant: failure to conceive is the test. The im- 
plication is that some alternative hypothesix is 
the correlating of « variation in an 01 with a 
ggenn-varistion is effected by « means whick é& conceivable. 
is the hypothesie of Weismann. Cor its concelvability 1 
have, in tho chapter just named, already written a8 follows:— 
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If my Cambridge cor ndent is ablo to conceive this procoss 
implied by tho hypo of Weismann, I can only say that he 
has an enviable power of imagination, 


But now comes the strange fact that an impossibility of thought 
impliod by Weismann's hypothesis does not cause rejection of it, 
but yot is urged as a reason for rejecting an alternative 
thesis which docs not imply it, One objector cannot conceive 
that “a change in the development of a muscle or nerve can 
aflect se change in that part of the gern which is 

‘ined to luce a corresponding part in the descendant” ; 
and another objector says it is “very hard to believe” that a 
functionally-changed organ will so spermatozoa and ova 
that “owe particular part of them will be so altered that the 
organisms which grow up from them will be able to present the 
‘same modification on the application of a different stimulus” Tt 
is tacitly assumed by both that, as in the peter of Weis- 
mann 80 in the counter-hypothesis, a particular’ part of tho 
gorm-plasin gre origin to particular part of the developed 
organism. Bat nothing of the kind is aa a ‘The natare of 
the counter-hypothesis (at any rate as held by me) is entirely 
Taiatpretindet Anyone who turns back te the chapters in the 
first volume where the conception of physiological uuits (or con- 
stitutional units) was set forth, or eho re-reads the foregoi 
appendix, will see that there is altogether exeluded any i peel 
correlation betwoon certain parts of the germ and certain parte 
of the resulting organism, The units ate supposed to 
allke, snd daring the progresive embryologieal changes local 
groups of thom are supposed to take on different forms and 
stroctures under the combined forces, general and Teal, brought 
to bear on them. This conception e necessitated by all the 
evidence. The fact disclosed the experiments of Driesch, 
Wilson, and Chabry, that from fractions of an ovum stroctures 
may be obtained like that obtained from the whole ovum, only 
smaller, necessitates it. The fact that any sufficiently Innge 
fragment of a polyp or Line no matter from what part of 








the body taken, will develop into n complete polyp or planarinn 
necessitates it, ‘The fact that from an unc 





ferentinted portion 
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‘of a plant, even so small as a scale, a complete may arise 
necessitates it, And it is neceasitated by the that among 
plants, roots axe [prodaved "by ati et eae 
roots, a8 well as by the fact that Jen ins ee 
if deprived of both head and root, will develop a head the 
root part and a root from the head part, if their 
ditions are inverted. All this evidence shows 
the component units of each species, whether beg th 
or in the developed ene, are, when not yet by 
Jocal conditions, all alike, and thnt the notion of special of 
the germ-plasm correlated with special of the iting or- 
ganism, is entirely alien to the hypotheate 

“ But how do the units of a modified organ affect the unite of 
the germ in such wise that these produce an inherited modifica- 
tion of the organ |" will be asked. This difficulty has been dealt 
with in §8 97d, 97¢, where the analogy between the social organism 
and the individual organiam has been brought in aid: if 
not to furnish a conception, yet to furnish an adumbration. Tite. 
garding citizens as the waits of an unfoldi soclety, say a coloay, 
it was pointed out that the nature they inherit & mother- 
society gives them a proclivity towards a society of like struc- 
ture, the traits of which are progressively assumed as the 
colony grows sufficiently large to make them possible. At the 
same time it was pointed out that while the influence of the 
entire aggregate on the individuals is seen in this of 
them into a society of the inherited type, the influences 
circumstances, and of individuals on one another, in 
make them differentiate into appropriate social 
on fit occupations and industries: the implication 
virtue of their inherited natures they all hare partial 
for the various activities they undertake; so that an 
clerk sets up a tavern, a compositor takes to carpentering, 
university man rides after cattle of is employed on a 


of 


i 
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potentialitios for taking on this or that structure and ° 
action which local conditions determine. It was further 

that as citizens are continually being remonlded by their 

into congrnity with it, and, if circumstances change them, tend 
remould their society; so in the individual organism, there is this 
reciprocal action of the whole on the units and of the units en 
ae hae Hence it was Le! that ghee | onits in 
modified tend to diffuse modifications Li own 

tke units ba lange: being afded, by Use crcalallon aa pea 
as sugyested in $3 Std and 97/. And it was urged that, however 
inconceivably complex such a process may be, yet it seme not 
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incredible whon we recognise the probability that an organism ix 
more or less permeable to undulnti propeguted by ats mole- 
cules: Rontgen rays giving warrant. If such units ea the 
tissues may take in and send out ethereal waves which bring it 
into rhythmical relations with others of its kind and tend to ise 
duce congruity, it becomes, if not conceivable still eupposable, 
that throughout the circulating protoplasin there ‘ob & con= 
tinal harmonization of its compononts—a moulding of each bj 
biraud of all By eck, Ghovld Ws be ssid Gat sah» personne 
too marvellous ‘to be reasonably assumed, the reply is that it is 
not more marvellous than heredity itself, which, were it not 
familiar to us, would be thought incredible. 


But as I have said in the place referred to—* At last then we 
are obliged to admit that the actual cxgantting process transeonds: 
conception. It is not enough to say we cannot know it; we 
must say that we cannot even conceive itz” can only conceive 
the ibility of a suggested interpretation, 

Hence we have to rely apon evidences of other kinds. Among 
‘these, some which I think dispose absolutely of the fashionable 
hypothesis while they harmonize with the opposed hypothesis, 
have now to be named. That their implication should not ha 
‘boon generally recognized would have seemed to me incompre- 
anaitla ware le ch tishid hare snyeeit oaly aoe beara a 
implication. The facts are these :— 

& Verlot mentions a gardener sho could dlatngulsh 180 kinds of sumelle, 

when not in flower; and it has been positively that the famous ol 
Dutoh florist Voorhelm, who kept above 1,200 varietios of the hyacinth, wes 
hardly ever deceived in knowing each variety by the bulb alone. Flence 
we must conclude that the bulbs of the hyacinth and the branches and 
Jeaves of the camellia, though appearing to an unpractised eye almolutely 
‘ndistingulshable, yet really differ” (Darwin, Fariation of Animale and 
Plants, ske., vol. 5, p. 261.) 
More recently testimony to like effect has been givon by Dr. 
Maxwell Masters, and has already been quoted by me in a note 
to § 286 in illustration of another trath. He says concerning 
such variations -— 

“To the untrained eye, the primordial differences noted are often very 
‘slight; «wen the botanist, unlows hia attention be specially directed to the 





matter, fails to soo minute differences which are per Je enouzh to the 
raiser or his workmen, 2 0. ‘Those apparently trifling morphological 
differences are often associated with ph cal variations which. render 


tome varieties, say of wheat, much better enabled to resist mildew and dix. 
cue than others. Some, again, prove to be better adapted for 
certain soils oF for some climates than others; some are less liable to injury 
{rom predatory birds than others, and #0 00." 


In his Vegetable Teratology, p. 493, Dr. Masters names another 
fact having a like implication—the fact that among seedling 
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stocks whieh have not yet flowered, those which will produce 
double flowers are distinguishable, He says:— 


“ This separation of the single from the doubleflowered M. Chati+ 
tells us ts not so difficult a+ de ayy The hee 


the heart being in the form of a and the ‘sow ant 
thlch-aot in Ie gence Tia ‘sled wane 
tory long loves of = liekt, green oolonr hairy and euriad at the 
Be oman Of whieh leaten,, curved = Meat reer om 
plotely,” 


‘What is the genoral trath implied! Clearly that there 
no such thing as an naerenieay Jocal variation. Sore 
change in the form or colour of a flower or a frait draws atten- 
tion; and, being a change which interests the Sieh ieee 
pecuniarily or otherwise, not only draws attention usually 
monopolizes attention : the natural impression produced being that 
this variation stands there by itself—is without relation te 
variations olsewhere. But now it turns out that there are 
concomitant variations all over the plant, Even in under- 
ground bulbs certain appreciable differences go along with certais 
conspicuous diffyrences in the flowers, And if al with « 
striking change ‘tn a flower which the Soclst obatemplacan 
changes all over the plant not obvious to careless observers 
Bs visible to him, we must infer that there are everywhere 
minute differences which oven the florist cannot peresive: the 
whole constitution of the pn bas diverged in some measure 
from the constitations of kindred plants, Every local rariation 


implies a change pervading the entire organism, manifested in 
concomitant variations everywhere clse, 

If xo, what becomes of the bilge: of determinants —the 
hypothesis that there is a special 





eloment in the germ-plasm 
ion in the adult organism? 
i all smani> 


are 
wholly incongrous with the hypothesis of determinants and its 
accompanying elaborate speculation, they are not Heat 





specics, which have proclivities towards the particular form 
a organization characterizing it, yet that a sea of ar 
arising in one part of the organism is accompanied by 

noms changes of atracture in other parts of the onganism, 
‘only congruous with the belief that there exist such constitutional 
units, but yields it distinct support. For if, as above argmed, in 


conspicuous local variation is not the result of any 


modification 
units special to the locality, but is the result of & modifiestion of 
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the units at large, then itmust happen that such modification must 
have its effects on all other parts of the onganism; so that there 
cannot fail to result all thowe small concomitant variations above 
indicated. 

May we not also say that it becomes leas incomprehensible 
that structaral changes caused by use and disuse aro inherited ? 
Tf, as we seo, # local perp ari peorpirseos! arising is accompanied 
by maltitudinous other local variations, implying & necessary 
correlation betwoen each local variation and the general constitu 
tion of the organism; then it may be argued that if m marked 
change of function in an o1 causes increase or decrease of it, 
this general correlation implies that there must be « reciprocal re- 
action between the part and the while, tending to re-establish 
their congruity. ‘The constitution at large will in so far be 
changed, and along with its change will go corresponding changes 
in the xperm-cells and gorm-cells. 


Finally lot mo add, not another argument, bnt another fact of 
observation, of the kind which opponenta demand, but which, 
when they are from time to time furnished, are severally \" 

hed ax not enough. Each of them is spoken of as a solitary 
fact and slighted as inadequate; and when by-and-by another is 
named, this is treated in the same way; so that the facts which 
if brought together would be recognized as sufficient are never 
brought together. That to which Lrefer is set forth in « pamphlet 
by M. Leo Errora, Professor at the University of Brussels, 
entitled “Hérédité d’an Caractére acquis chex un Champignon 
pluricellulaire ;" being an account of experiments of Dr. Hunger, 
‘at the Botanical Tnatituve in Brussola, Firat enumerating various 
instances of adaptations to climate, aa those of plants which, fitted 
to northera regions, preserve their constitutional jidity of 
growth und seeding when brought south, and do this for several 

nerntions, he goes on to detail the culture-experiments of 
|. Hunger, and sums up the resulta of these in the following 
words :— 

“On dédult de 1A quos 

1" Les conidios d'Ampergillur niger sont aduptéos A tn coneontration du 
milion od a véeu Vindividu qui lex parte; cet effet ext encore plus mamud 
pris deux générations passées dans un milieu donné (Expér. [et 11); 

“2 it ine véritable adaptation et non pas simplement Oe 








scerviatement do vigueur shea lea conidien provenant dew quid eonoent 
car cos mémos conidies gorment mains rapidement et donnont dos planter 
moins vigoureuses Jes conidics normales lorequ’on los simo de nouvexs 





4 
sur le miliewtype: en Sadaptant anx liquides concentrés, elles se sont 
déxaulapiées du liquide normal (Expér. 111); 

“3° Une génération passée sur te liquide normal n'effuce pas Mnfluence 
d'une ou de deux générations antéricures passées sur une liquide plus con- 
sented (Expér. 1V), 

“Tous oon rbsultats concordant: ils montreut une Ligdre, mals ingontet- 
able transminion hériditaine oe Cadape ition aw rxitiew.” 
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rodimentary eyes of cars-famua, 
1, 12-3, U7; Romanes oo pro: 
comm, I, 649, O87; degeneration of 
seif-fording tastinct In Amazon 
ants, T. 30-2, 670; ruillmontary 
Huta of whale, 1-9, 
pure speculation, T. 6 
on teg-bones of Panjabi, I teh 
Poramacter; parasite infesting. 1. 
427: reproduction, IZ, 443, 403. 
Yarasites; sexual dimorphism, 











415; Muits to distribution, 1, 07; 
apeclal-ereation and, 1, 427-0, 438; 
retrograde developmwat, 1, 457, 
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ples, 11, 72-5; Irregular develop- 
ment, TH 75-8: degree of com: 
position, If, 78; reproductive bo- 





wulug, 11, 247; thane and leat dlt- 
ferentlation, 1, 247, 387; also 
Wark and camblum, If, 240-50, 
280; also outer tiasue, TZ, 252, 
256-0, 270, 3808-7 

leaves, 11, 
‘of Taner tanwes, TH, 273-5, He 
‘Yascular system developinent, IE. 
80-4, S88; Integration, 1, k3, 
296, 300; Insect-tertiilzntion, TE, 
407; wultiptication, 11, 441, 442) 
genesis and growth, 31, 451, 457 
and development, 1%, 454) and 
teition, If, 476, 477, 011 











B80, 
Philology (eee Language). 
Phoronts, {ndividuailty, 1. 44. 
Phosphorescence, organic, X, 40, 
Phosphorus: allotrople, 1 4 
physiology, I. 250-42; cerebral 
Uylty, ¥, 06-7; organte evolution, 
1, 703. 
Photogener, vlelbliity of, X 218 
Phylogeny: aw Interpreting mor. 
Phology, Tf, 10-12: atmeultion of 





colt 
















ambation, TK, 34% (See Embry> 
ology and eeoln 
Physiological Units: definition, 1, 





228; generis, I, 280-2, 310; hered: 
ity, 3, Ote9; variation, Zi, 
381-2, 23% TE, B10: stability, 1, 
‘MO; 1, G14; wolt-fortiliantion, f, 
‘B24, 353; Interbreoding, K, 365, 
‘i, TE, G15; recapitaintion of hy- 
pothesis, I, Ri0G: TL 6127: 
structural procitvities, 1, 302, 32, 
30-T1, II, 18, G22; soclologieal 
analogy, ¥, 906, Xf, 020; complex: 

«My tn organized typen, 2, 968-70; 
renamed “constitutional units," 
1, DW; telegony, T, 0; “ mo- 
chanical theory," I, 702-6; mor 
photogieal development, If, 7-0; 
cell doctrine, 1, £7: 
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ment, 1, 76; *falne-jolnty” 1%, 
BTL-2; diewoctation of ancestral 
ftrulte ta hybrid, 1, 616-7; In- 
heritapeo of sequired ebaracters, 
TT, 818-24. 

Phywlological division of Iabour 





1, 128; vicarlous 
function, T, 208; priiitive intor- 
pretation, 1, 417; multiplication 
of effects exemplified, I, 512, 11, 
500; relations to morphology, I, 
4 28-41; evolutionary tnterpro- 
lation of phenomena, If, 241-5, 
354-05: ultimate Inconcetvabitlty 
‘of processen, 22, 872; correlated 
as aod differentiation, I, 

i 

Vhywlology, Animals metabotiom, I, 
7-77; vertebrate Internal sym- 
metry, 1, 10M; tlesne differenti: 
Mon in Protovon, 11, 200, B88; pprl- 
mary Uaane differentiation, 12, 200= 
2, 382, S80; natural selection a 
Aawe differentiation, II, 4-8: 
outer tissue tn Cwlenteraid, Xf, 
900-10; reaplratory organm IE, 
810-1, 933-8; differentiation of 
animal epldermle thewe, XE, 2124, 
S87: development of tegumentary 
organs, If, M14: of sensory, If, 
217-20; Inner and onter theve 
teanaltion, 1, 321-2, S80; aliment- 
Ary canal Miferentiation, 11, za 

; elezard development ta birds, 

1, 125; allmentary caval of runt: 

nants, HX, 827-9; differentiation of 

liver, 2%, 120-33; of antmiat vaxcu- 
lar system, 1%, 230-44; of omeous 
ryntem, 11,344-25; of noree tiene, 

Th, 55-01; of wy 1, 361-0; 

differentiation and integration, TE, 

878-4; In vascular xywtem, 35, 376- 

1%, 88: tn nerves, IL, STO-82; orlgin 

of development, 11, 384; differen: 
tiation and Instability of homo 

geneoun, 32, 944-9, 302; summary 
of development, Ef, 384-045 ayul- 

tiptlcation of effects, IE, 290-1, 

2; equilibration, If, 301-4. (See 

lve Function, 

laboliam, I, 
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2-7; tue differentiation tn pec: 
ondary aggregates, I, 246, 3855 
in phmnognme, EE, 247-9, 286; In 
bark ond cambinm, 3X, 29-50, 
880; In free and fixed surfaces, HE, 
‘BiG 270, 3: outer stem and 
Jont Uerue, 22, 200-0. 270, 80; an- 


perficlal differentiation In leaves, 
TH, 200-4, 210, S57, doral Ussue 
differenthation, IE, 21-0; outer tle 
suc, résumé, TE, 270) Inner ths 
differentiation, EZ, 271-3, a8; 
supporting tiwue, IZ, 275.0, 285-8, 
3S; vascular aywtem develop- 
mont, 11, 2785, 270 Bs 
4M: Inner Uxewe, summary, EX, 
288-01, 388: Integration, TI, 20-8; 
Aifferentiation and Invtablitty of 
homogeneous, 33, 344-0, 892; mul- 
tiptication of effects, IZ, 300-1, 
302; equilibration, I2, 8014; clr 
culation and wood formation, I, 
564-07; dye permeability, TT, 5t- 
74, S77-S1, G84, BAG. (Reo 
Hunetion.) 
Pickering. J. W., on artificial pro 




















telegony, Z, G2; fertility of do- 
mestle aud wild sow, IE, 470-80, 
Pigeonn: food of starving, 1, 215; 
heredity and variation, 1, 05, 
avinm, T, B14: fortllity, 
n, 7 
Pike, unconsing growth, E154, 212 
Piqve-goufte, commensal relations 
with buffalo, 11, 403, 
Fiagiochita, evolution of ster, 1%, 


+ Integration, EE, 101-2: 

om regeneration, 3%, 102, 

0 

metry, 1, 195: unlntegrated tune 
tion, I 873. 

Plante: Influence of heat, 1. 2: 
effect of solar rays, 1, 31-4 200, 
S97: chemlent composition, k. 40- 
J; heat generation, L 47; phos 
phorescence, I, 40; electriclty, 3 
1; wonalble motion, 7, 5-7, 58; 
metabolism, T G7, 70: 
changes, 1, 86, 83, U1, O4; 

Hon by erystals. T, 06; ¥ 
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on, E, 523-95 Sx, 
Gi; seed intribution, 2, F405 
wood development, Xf, 285-7, 250, 
67-07; Interdependence, TZ, 402~ 











SUBJECT-ANDEX, 


and wood formation, Th, 502% 
(lice of00 Multiplication, —Sor- 
phology, and Nology.) 

Pianmodinm, divsolution of, 1, 185. 

Plato, wa of, TE, 550, 

Platyhelminthes: transverse Bewlon, 
TI, IL: wegmented ani non-seg- 
mented types, 11, 102, 107; «ym 
metry, 11, 195, 197: nsuitipiication 
and growth, 3, 489-0. 

Plethora, fertility and, 12, 480-4, 
oi. 

Plearocoreacce, wntectiviar form, 11, 
21, 134. 

Pleuroneotid: aymmetry and loen- 
tion of eyes, TT, 205; outer tesue, 
11, ami. 

‘Piwmateiia: motngenesis, 1, 277; 
srminetey, IE, 199, 

Podostemacee, undeveloped clrculn- 
tory nystem, It, 2t4. 

Polar bodies, hypothesis conceralng 
extrumlon of, 1 266-8 

Polarity, organic, of phsslologtent 
unit, 1, 228 315, 47, 262, 950-2, 
701-8. 

Volyatomle compounds (xe Chem- 
Istey). 

Polyckrur, anomalous development 
in Mfyrianida, I, 201, 

Polycgtharia, integration, I, ®, 
124. 

Polygastrica, aggregation, 1, 96. 

Polymertams of compounds, I, % 1%, 
25; nerve tlawae, XL, 

Polypork symmetry 
ment, 3F, 129, 

Polyps (seo Cerlenterata). 

olysen: «ine, T, 140; muitiaxtal de- 
velopment, E, 105; structural In- 
Aefnitenem, 4 7: functlonnl dit: 
ferentiation, 1, 202; trochophoral 
Kinabip, 1, 447) lotegration, TE, 
98-4, 06, 124; apmmetry, T2104, 
07; vascular aystem, TL, 240; 
ommation, 1, 44. 

Poor Laws, and natural selection, 





ad environ: 


Potato: simulated growth, 1. 190: 
vicarioun function of tuber, 1, 200, 
IL, 255; sub-spectes, I, 992) dye 
absorption, 12, 270, 
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Preserration: fertility and sett 
‘Git; 1%, 423, 430; nutrition, Th 


403, 
"Progress; Its Law and Cauwe," 
es of species differentiation, 


Projectile, fuctors In Might of, 1, 
4501 


Vrotelds: metabolle funetion, 1, 67, 
03, 0%, 12, 76; compleatiy of 
molecule, F. 122. 

Protelu: evolution, %, 23, 24; lsomer- 
arn, X, 700, 708 704, 

Proteus, degeneration of eye, I, O14, 

‘Protodritus, Intestine segmentation, 
TT, 125. 

Pratophyta> Internal movements, 1, 
56; tlmit of growth, £, 18%; devel. 
opment, K 104; structure, 1, 17% 
181-3; welf-mobitity, 2, 1795 Indl 
vidualliy, % 2455 multiptiention, 
E270, 20, 270, O81, GHD, Ih 
410, 462; genenin and nutrition, Z, 
206; uneellular, 12, 21; central me- 
gregation, If, 24; symmetry, 1, 
194; tlasnes. TH, 244, 249: primary 
Gifrerentiation, 11, 285; primordial 
type, TE, a8; emblosis, 1, 400. 

Vrotoplaxm: self-Increaxing fone- 
tou of primordink, %, 63-4; plant 
imetabotlan, f, 0-1; complexity, 
1,122, 359-5; dffferentlatioa to slm- 
ple organinins, f 182-2; continuity 
and Interclrealation, I, 1002, 
371, 620, 11, 21, 020: ** streaming,” 
26; wtructure, 1, 2a (Mew 
also Coll.) 

Trotazoa; Inorganle components, T, 

“AT; locomotion, EG 17% TE, 1 
vital changes shown by. I, 0% 
Umitation of growth, I, 138) de 
volopment, 164; structure, 2 
37%, 184-8; Inciplent differentin- 
thon, 1, 108, 801, IT, 200, 200; mul- 
Uplieation, f, 270, 274, 279, 280, 
SAY, O84; HI, 442, 451-2: genesi« and 
nutrition, I, 286; alatrtbation, 2, 
‘496; parasites infesting, 1, 427: 
‘Welsmann’s bypothests of Imumor 
tallty, 1. O37, “ spontaneous gen~ 
eration,” I, @97-T01; non-mucle- 
ated, IT, 2h primary megregate, 
HE, S1-7, 124; progressing Integrn- 
tou, HE, $001, 128; wymmetry, 1, 
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136; primordial plaw 
1, 997-8: symblonta, 
Trotyte, hypothetiost ehemlonl walt, 
1, 2, 23. 
Peend-axial development, 
1, 25-9, 30. 
Peendo-follar development, vegetal, 
HL, 0-8, #9. 
Paychide; parthenogenesis, X27; 
sexual dimocphinn, Z, 03. 
Vaychology: reasoning and definl- 
Hion of life, % 81-81 correspond- 
ence shown by recagwition, 3, 03: 
contrasted with phystology. 1, 
17! dopartmenta ot, I. 127-8: 
viesrionk fanetion, 1, 208; waste 
and repair in sensory orens 1 
ZIT; sensory adaptability, I, 20, 
‘ZH, 28Z; Inheritance of seurory 
defects, 2, 206; murical talent, 1 
AU-Z; Intellectual progress and 
apeclal-creation hypothiosls, ¥.417: 
speclaberestion & pseadtdes, 1, 
42), 420, 423, S54: logitimsey of 
erolution-hypothesds, 3, 4k, 
4%), 54; embryology of Ideax 1 
450, 457; persistent formattve 
power unrepresentable, I, 42; B. 
Dorwio’s and Lamarck’s theory of 
desires, J, 404 natural selection 
and brain evolution, 1, 989: gyne- 
la and cerebral activity, 2, 504, 
1, 512-4, 116-0, 590: herndity and 
Alstribntion of tnctual perceptive 
noes, 1, CD-R 00, 5-0, 672, 
WG: Inconcelvabllity of the nega: 
tion, J, 675; vitlation of evidence, 
1Y, 8S; repetition and perception, 
TT, 143; differentiotion of sensory 
organs, 1, 317-20; differentiation 
of nerve thaue, If, 255-41; fone: 
tonal Integration, IL wo fe 
tegration, 11, 24-2: equilibration 
of nerve dlschn: 
fertiiliy and 
TE, 446, 882; future human evolu: 
1, 02-0, 827; human evolu 
and genesis, 11, 29-31; future 
mental development, £1,005; orlgtn 
of vertebrate type, 3%, 508-00. 
Preridophyia? vive ettalued by, Z 
13%, 1; homologlos, TT, 80-1, RF 
frond surface differentiation. 1%, 
20, 





vegetal, 


















































Pierepota: bilateral symmetry. 3, 
‘DNL: dermal respiration, I, 30. 
Ptyaline, metabotie function, 2, G& 
Vonjable, loheritence of aogutret 
‘oxteotogieat pecullaritins, Z, OX, 
Pyrosomise: phvapborescesce, I, 4T: 

Integration, 1, SAK 3%, 17, 


Quauua, telegoule tremamnianies of 
markings to offspring of mare, X, 
4, GET, GA, 

Quills, development, Th, SM-6 


Rammrt: wettelty and myecle et 
our, 11, 405: over-ronaing checked 





Kavdiak, deftudtion, 1 148. 

Radtiolaria, vuleentenl developawat, 
1, 26; secondary exzresathon, 2, 
88; mymmetry, 1, 187. 

Radula, development of roaix trom 
Jeaflots, TT, 

Ruplestacce: homogenwsis, K, 27: 
theme ditterentintion, TE, 278; ww 
trition und genests, TL, 486. 

Test (awe Rodentia}. 

Rathke, E., on vertebrate embeyo, 
TT, 129, 

Ray, J., plont claewiication, 5, STR 

Reasoning, compared with savkafle- 
ton, 3, S17, 

Reoapltulation, 
453, 

Mogeneration (se Mepale. 

Kejnvenescenee, and sexenl feetiti« 
sation, 2, (807; IT, Gta, 

Remak, R., vertebrate cusbrye, IE, 
120, 

Repair: continulty of, % 220-05 ane 
wal tagurtes, £, 210, 228-4, EE, We, 
811; deductive Interpretation, I, 
21-2: theorles of heredity and 
regenerattre phenomena, ¥, 3GbcL. 

Repetition of Uke parte IL, 16 

Keproduction (sor Multiplication. 

Rentllia: growth and expenditarr of 
force, 1, 142; slave of ora amd 
adult, 144; longestiy of erwen 
dite, 1 154; temperature, B84: 

wtey 3, 2145 dlstinetive chiara: 
dintributsees Ue time, 
vertebral seementa- 

Uon, 1, 470; mdimentary Hebe of 








ombryologieal, 2, 























whoken, I, 475; fertility and dover: 
opmaeut, 1. GAS, GS, S00; regener: 
‘How, 1 O80: elongated for, TE, 
15; supernumerary vertebne, TE, 
120, 4; Hilaterat aymmetry, Ef 
208, 204) Cope on wegmentation In 
extinct, 1, 425, 226; netlvity and 
masenlar colour, XE, iM; func 
Monal Integration, IL, #15; outer 
tissue differentiation, IT aNt: 
‘Owen om skeleton, HL, 000. 

Kealahinee of media to loeomotton, 
Ht. 

Respiratory Symtews effect of Ugbty 
LBL: orgaule reaerangemwents K 
AT; cutaneoun 2, 200; atrcelle of 
Junge, B24: embryonie braneltae 








of salamander, 1 437; ditferwt- 
Hlation, 2, 10%, EEN: plyylon 
loglent Intwerition, I. B43, sez: 


vascuiay diterenstaiton ani (nites 
graslon: 11, 377. 

Retrograde metamorubowes, tn 
‘aol, Hy 12. 

Retalvy, Ga amperficlal nerre-end- 
ops, X, 006, 

Reversed Selection, Z 6M, 01 

Kthabdospheros, caleareous armour 
and dynamite element In tite, 
na. 

Mhizolds, fotlar expansions, IE, 00. 

HMzopoda: structure, X, 1733 await 

fervutiated funetioa, E200; a pet- 

mary aggregnte, 11, 80; arwmetry, 

11, 186; Umue differentiated, IX, 

2M, 385; wotlon of rareode, 1%, 

356; aymbloala, 12, 409, 
















520-1; tn moultIptiention, 4, 

Kicheraud, Karon A., denuition of 
Mite. 1, 7. 

Riles, C. V., on telegony, I, O45: 
Termites, % O80, Gt; pouch of 
Honey-anta, 1, 64, 

Redewtin: Incarstons, 1, 29: Aueet 
can types T4081 ferthitty: 
derelopment, 1, 28% 600. 

Rivinus, plant elnesitiention, 3, 377. 

okitansky, on talne Joints, 1, 29, 

Romane. G. J: 00“ comsation of 

selection.” 2, 90-2; Inofation and 

spectes differentiation, I 54th 

“phystological selection, 2, i80- 














Ai phystologleal differentlation, 
T, 2hb-5 470; outriiion trom 
fouves, IE, 274; exe nd function, 
uy, 278, 

Rotiferw: jatent vitality of deste. 
cuted, L 117; teockopore, 12, 10% 
WO); moltusean relationship. 1. 

feriility and #tie, TH, 483, 49, 

Houx, W.: " lutra-election,”” 1, 070; 
functional adaptation, 1, 3. 

Madiinentary orgaua: the detultion 
of tife and, Z 112, natural selec 
Hou eyes of cave fauna, I, 
30, C24, GAT-O, EMH; evojotion 
hypothesis, 1, 472-5, 596: limbs of 
Whale, L. UO8-, 2S, eek, 

Kawlnanta allwentary canal do- 
velopment, Hh, 27-0 











Sananaxone, embryonte branchhe, 
1, 437. 

Salmonide, reproduecton and g.owth, 
T. 201-8, TE, 44, 

Ralpide: Weterogeneals, 2, 27% 277: 
integration, F, 588, Ti, 9. 

Sap (ser Vaseuiae xystom. 

Soroina: central aggregation, TH 24; 
fortitity, XE, 440, 

‘Sovage, Ds 
Neurosls,"* £, 31. 

Keoncdenowun, individuation, 12, 24. 

Beent: natural selection and keen 
news of, f, 610; floral fortitization, 
TT, WS-0: anlinat protection, 1 
4a, 

Sobetitng, B. W. J. Fon, defaltton 
of life, % 7% 17% 

Sehielden, J. M.. om tndiyidoatity, 
T, 285; on Hverworts, TE, 00, G2, 
algal Indefioltenens, 12, 24% 

Sclence, complex revelations of, T 
22, I, 450, 

Reyhomeduse, strovitization, TE, 
108, 

Sea: changes nnd movements In, K 
$3; life tn, lower thats terrestrial, 
E104; distribotion, 1, 2M, 517; 
change of media caused by, % 
#51; geologle Influence, E, C0 
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‘Seals: nnll-beartog tows, I, 479: re 
brine, H, 317, 

Seasons: reproductive pertodiclty, 
T, 200; varlations of genesis witb, 
IE, 481-0, 

Sedgwick, Adam: on continulty of 
protoplacm tn animale ¥, 100, 
820, TE, 1: oologient cinsaifion- 
‘Uon, ¥, i897; dlxcrinilaation of spe- 
cles Iu embryonle stages, X. 401; 
persistence of 
465-4: Arebian 
tion, Zf, 100. 

Sedgwick, Wim.: heredity 
1, 906, 314; tetegonte teanstalesion, 
of hypospadias, 3, 640. 

Seeds: nitrogenous, T, 40: tempera. 
tore of germinating. X, 47, 11, 610; 
vitalism and latent vitality of, 1 
116-7; variation In environment, 
1, S27; natural selection among. X 
hz. 

Segmentation (metamerte): special 
creation hypothesis, 1 405.0; 

aber of somites In 
tom, M0. 5 tee amis 

Is, TE W110, WNT, 























116: In vertebrates, IE, 12-7, 2-7, 

00-7: Jn elasinobranchs, £1, 126, 

f erowth, 3 130; of 

1, 170; orgaule repale, 
I, 221; yortation, £, mit, SoM; 
hoterogenelty, and deflaitencss of 
evolution, I, GM 617-8; mor 
phologlenl development, If, 7-0: 
phywtologtoal units, TE, 616. 

Self-fortilieation, animal and vege: 
tal, ¥, 414, 20 

Senses, the (see Psychology). 

Sex; In Asclilan colowlos, I. 
Mutation of heredity by, Z, 38 
correlated traits, 1, 311-2, 513; nu. 
trltlon and determination of, In 
soctal Insects, I, 5-0), 678-84, 
686-0; neural and haomat traits, Z, 
83; differentiation of orgnas, TI, 
WON: castration and growth, I, 
400); Julin on“ castration parast 
falre™ In crustaceans, 2%, 495-6; 
the object of fertiliation, TL 613, 
(ee alxo Wert itization,) 

Sexual Belectlon (re Natural Selec: 
Won), 
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Birenia, almmutated Sxl form, 
Stee (see Growth), 
Skeloton, rortebrate (ene 


Smith, W. P., ob felegony tn elves 
and foala, 1, 645 

Smith, W. W., on habits of Peirs: 
mortem, 1. G60, — 

Snakes (nee Kepriiia), 


of Ute, 105-65 
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ferentiation, T, 204; division of 

labour, I, 207, 263-4, 367; func: 

Monal Interdependence, I, 237-0, 

240-2; autogenous development of 

unite tn colontes, 1, M4, 1K, TL, 

In social evolution, T, 

4x2; natural mblection, E, ia, Tt, 
Sa; Integration and differentia: 
tion, II, 75-9; eects of por 
Mon, TE, 585-0; equillbration, TE, 
oa, 

Holl, dependence of plant evolution 
on, XE, 402, 

Solanum jasminoides, organs of ty 
tachment, 1, 276, 

Solar aystem, autogenous develop: 
ment illustrated by distritmtion 
of forces In, T. 306, 

Bole, symmetry and location of 
een, Th, 205, 

Soma-plasin, Welamann's theory of 
Aifferentintion from erm-plastny 
1, 357, 622, 628 30, 683-44. 

Somites (se Segmentation), 

Specti! creation: and evolotion, T, 
412, 415, 481; Lmprobapttities, 1 
418-0, 490, 450, G54: Inconcelyn 
bility, Z 420, 420, 451, S04; of In- 
dividuals and species, T4214: 
the Implication of beneficencs, Z 

mmnary, K, 420, BA 

rorminia, T 451-6; verte 

Ti, G31. 564, 665, 

jon: adaptation and stability, T, 

hereditary transmlelon, , 
01-4; variation In wild and cultt 
vated, T, 20-5, 526, iit: gamo- 
genesis nnd life of, 1. 34-0; phy» 
Biological unin, 1. 95% 904, Sal 
Ti, 438, 1, 613; lndeflalteness, X 
389, 445, 572: mpectal creation, X, 
422-4; tnstablilty of homegencous, 
and differentiation of, 1, 500-11, 
Bij GIT-R GUO, GST: porulatence 
of, T, S16, S18, TH, 10-13; natural 
selection end equiiltiratton, I, 
“4-8, Sek, DOT: Hon-adaplive ehar- 
acters. I, 5G: moFvId products 
marks of, T, 367; migration and 
Inolation ax causes of differentin- 
tion, I, 908-0; Increasing uvaltt 
formilty of aggregate, I, 106. 

Specie gravity, of organisms 
enrlroument, ¥, 274, 177. 
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Sphere: tendeney of units to form, 
1, 15; the embryoule form, I, 177; 
symmetry, 12, 101, 

Spherold, symmetey, I, 182. 

Spldern (see Arachnida). 

Splue (see Vertebrata). 

Spouge: structure and dynamic ele 
ment in life, K, 110; multicentral 
development, 
gregate, %, 185; rep) 
sve, T, 283; Integration, 1, $86; IZ, 
%, 283; physlologion! dliterentt 
tion, Tk 300, 388; development 
and genesis, 1,46; analogy from, 
IL 070. 

Spontaneous generation: and bete- 
rogenesis, I, 270; nud evolution, 
1, @6-F01, 70 

Stag, horns and correlated struc: 
tures, 1, 567, 670, 076-7, (ua. 

Stamens, and foliar bowology, 1%, 
4“ 

Starches: properties, T, 11: trans 
formations, 1, 0, 6% 60, 70, 21, 
Baik. 

Stantishes (Hee Asteroiden, 

Statoblasis, of Flumatelte, I, 277. 

Bteenstrup, on Alternate Genera- 
ton," F, 60S, 

Bterility (eee MultipHteation). 

Stlekleback: ova, Bf, 454) botheto- 
cephalus to, 11, 40. 

Stomach (ser Allmentary canal), 

Stomatn, distelbution, 1, 200-1. 

Straight ine, and evolution hypoth- 
esl, Ke 43 

Strain: compression and teuston of, 
% 9k, IE, 200-12; relation to 
mass, I, 155-7; vegetal structure, 
Th, 57-88, 502-6; origin of ver 
tebrate type, TZ, 600. 

Strawberry: ‘muittaxlal derelop- 
ment, 1, 196; multiplication, I 
“an, 

Strength, a vital attribute, 1, 378. 

Structure: appliances for generat- 
Ing motion, 2 TT; blologieat 
classification, 1, 125-7, 120; alee 
and orgoule, X, 137; growth and 
complestty, ¥ 19%, 165, 161; role 
Mon toensfronment, Z, 172-K. 195-4: 
of unlevtivlar organisms, 1, 1st, 
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molileelolar, £, 188-96; Hertel 
‘clupsifieation of tissues, 1, 180; 
continulty of snlte, 2. 190-2; aya 
tems of organs, % 192; division 
Into universal and particular, £, 
10-4; general truth E145) 
Plant aod aulina), contrasted, I, 
105-8; precedence of function or, 
1, WF, 411; correlative complexity 
‘of function and, £, HIM, 211; pro- 
gressive concomitant differentia: 
Won, f 201-4; phystologicat untts, 
3, 225-0, 902, 364, 00-TL, IT, 013; 
suclat and ergante tuterdepens 

0, Fy B85-43; varked by fune- 
1, 331, 835; IZ, 217 (ee Ac. 
quired Characters); anologteat 
elasaiiention, 1, 200-2; equilibra- 
Hon, £, 21, 37: progres of, and 
genesin, K. 000-1: TH, 42: expern- 
Mon with function, 2%, 3; evolu- 
ton aud Increased, TH, 4; retro 
grade metamorphosis, 2, 1 

simulated homologien, TH 13-1 
earilest orgnnte forma, 1, 4 
cylindrical vegetal, If, 97-02; per 
manence and complexity, T, 205, 
206; function and epldermle, 1 
812-4, 387: mod muscular, TI, 260, 
‘301; adaptation aud equiliuration, 
of force und 
ation, TE, aM; 
OLA (Bee ah 















































evolation, IX, 
Morphology.) 

Struggle, for nutrimeat among com: 
ponents of an organivm, I, S62, 
1B: for existence (see Natural 
Selection). 

Struthers Slr J: on heredity, J, 
309, 314; digital yarlation, 1, s2t 
rudimentary Mmbs of whale, Tr 
co 

Strrebulue, effects of, 2, $4, 55. 

Btargeon, alxe of ova and adult, E, 
rs 

Sugnes: propertion, T, 10-11: tranw 
formations, T, 3% 40, 60, ev, 70, 
1, 503, 

Sulclde, hereditary tendency 10, 1, 
07, 

Sulphur: allotrople, %, 4, 30; orgaule 
evolution, I, 703, 

Bun (vee Light). 

Survival of the Fittest, the expros 
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ston, 2, 590, G10, {See Natersy 
Selection.) 
‘Swan, vertebree of ueck, EI, 12% 
Srifiness,m vial attribute, x 
Ayllis ramora, lateral vennchtag, 2 
168, 361, IZ, 105, 105% 
Symbtonis, 2, 301, 400, 
Symmetry (wee Morphology). 
Npphilld, hereditary teanaimlesion, 2, 
ws, 
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Tenia (vee Bntoaoa). 

‘Tonsley, A. G., I, vl, 1, vis adapta- 
on of reproductive netlvity to 

font tn Alve, 2, 2880; 
slinpes of Cavlerpo, 11, 22: wtems 
unlckeaing In extinct Thalte- 
plytes, Th 00; natural selection 
ud leat-dlstetbution, 12, 17% 

‘Vape-worm (see Bntoooa), 

‘Taste, dependent en chemical ac- 
tlon, 1, 4. 

‘Tooth: hereditary trensmisaton, x, 
20; euppreaxlon of tacnroa}tan, X, 
457: of uucivitizet and elyitized, I, 
oA, out, 

‘Tegqmentary organs origin of, x, 
ae, 

‘Telegony, oF the tnfluence of a pre 
‘vious alee on offepring. , t-7, 
EG, 119-20, 

‘Temperature (vee Month. 

‘Tomton (eve Stxatn), 

‘Termites: toriity, ESR TK aust 
late development of sexnal om 
gang, L 680; nutrition nnd diter- 
entlutlon of fornia, %, O31, 

Tetcamortum, utilization of aphides 
bx, 3, 000-1, 

Thallophylar sine, %, 288 38D; tow: 

tion of parts, Teas 

pecudofoller, Tf, 28) Teanat ton 
11, 30; siaulation ot 
Migher types, 1, 2; secondary 
thlekening In extinet epectew, TE, 
ih: wexnat and anexual generis, 2X, 
Sa. (See also Algo) 

‘Tickle. physlology of, I 7h 

Pie (eee Bw: 

‘Timo, ax 2 factor lo growth, 1%, 77, 
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MMacne, Hertwig'e chiesifteation, 1, 
IS, (See Physiology.) 

‘Tongue, pereeptivencss of tip, T 
00-8, 065, TZ, 

‘Tortolne: coutranted life of dog 
and, % 108-4) watural selection 
and carapace, 2, Sit, 

+ Peanseendeutal Physiology,” 
a7. 

‘Tree, a xymbolizing phylogeny. 1, 
4am, 48-3. (see Pints.) 

Trematoda: ayamogeneain, 3, S7T: 





parasitiain, 1, 425; alternate gene 
eration, 1, 002, 
‘Trembley, A., on the polyp, I, 22k 





‘Trichinosin, 1a Germany, T, 428. 

‘Trochophore, pbyletic relationships 
shown by, T $47, 12, 108-2. 

‘Tydicolae development, TK 100; Ui 
Interal aymmetry, If, 197. 

‘Tunteata: gommation, X, 68S, Th, 44: 
alternate generation, 1, 082; inte 
gration, IL, 08-4; tertiary agure~ 
gation, 3, 124; syuumetry, If, 
1-5, 

‘Tunny, alse of ova and adult, 2, 
MA 

‘Turteltarla: segmentation, 11, 102; 
symblowts, 11, 400, 

‘Turnip: chlorophyl! In roots, 1, 209, 
TE, 2; wascular system, 1%, 281, 
24, TK, GUL, iM 

‘Twins: similarity of, I. S24; traits 
of women bearing. 1, 497, 

“Types, persistent," Huxley om, % 
408, 


Uneen, dermal structure, 12, 20% 

Vitimate Reality, Incomprehewstbit: 
ity of, %, 120. 

Clear coll rauitipltcatton, 11, 2: 
‘onter tikaue, 11, 25, 

Umbeliifere; oral symmetry. 3%, 
271; axial end follar organs, 11, 
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Vaited States: cases of telegony, T, 
WH4-6; birth mate, TH, 520, 

Wnita: differentiation und dlssimt 
tarity, T, 20; ™ protyle,” X 22-2; 
shapes In blghor types, T, 104; 
Gifferentint sasimilation, 1, 180: 
primordia! organie, 1, 181; mor 
phologteat composition, 4, 184-7, 
1H, 353, 1, 5, 7-0, 21, 79, 0; 
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TE. 105: incident force and ho 
wologous, I, 130; morphological 
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slological unite) 

“Universal Poatulate,* 2 OTS, 

‘Tnaymmetrioal, definition, TH, 122. 
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parental conditions, 1, 024: of al- 
tered functton, 1, 325, 334, 3; 
Aimstmallarity of Initlat conditions, 
J, SaT, 8; * epomtaneous,"” Ty 
HDS, 510, O07, 12, S20; perwtatence 
of force, %, 255: physiological 
walt, 1, 248-24, 20, 260, 871-2, 
1, GM-7, 6223: Welsmann’s 
kermplaxin theory, 1, 7-8, 
S72 OT, OFT; HL, O22: equities 
tion aad vegetal, X, 023-0; Wele 
mann's parunixta theory, f, 961, 
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organs, I, G70; natoral selection 
nd concomitant, 1, dM-21, 6, 
664, G74, MB: nd disused organ, 
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loration of favourable, TE Sh. 
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tion of antinnl, TK, 330-4; omeoun 
development, EE, 347-61; muscu 
larity, 2, M4; muscular colour, 
12, 65-0; hoart-motor apparatus, 
TT, 374; differentintion and tne. 
gration In animal, 11, 270-0, 283 
wood formation, 1, 547-22: rf. 
sumé of wood formation, IL. 282-7. 

Vaucheria, reproduction, X, 270, 2. 

Vegetative System, co-ordination of 
actions In, T, OT& 

Vegetoalkollen, yhyslologleal ef 
fects of, 1, 14-5. 

Veloctty, of moving bodies, 1, 210 
20. 

Vertebrata: size, 1, 1 Kine at 
birth sind maturity, E, 144s axial 
stracture, I, 165; embryonle de- 
velopment and self-mobitity, f, 
175; functlount diterentintion, I, 
200, 501; reparative power, B29, 
221. 580; homogencsix untrersal, 
1, 271: distinettve tealts, T, 202, 
3, 5; distrityation In time, f, 
408; clawsifieatory value, T. 64: 
‘embryonle mammatian roxpleatory 
system, I. 456; embrgologien! pre: 
adaptation, 1, 461; evolution and 
vertebral column, Z, 470: radime 
tary organs, X, 473; evolution and 
varled media, I, 470-85) alae 
head nnd yertebne, 1, S12, O37; 
eegregation and evolution of 
Yertebrm, I, 025; fertility and 
development, 1, At, 508-1; Wel 
mani on reproductive cells, T. 
Ei; Hib locomotion, X1, 15; adap- 
tive sexmentation, If 117-23, 
1-7, 3, 00%, 009-7; 
meray vertebra, IX, 12h: bit 
eral symmetry, 22, 209-0; Internal 
organic wymmetry, 1, 208; gene 
als of rudimentary axis, 11, 212-6: 
natural wolection and geneale of 
structure, TI, 218, 227: origi of 
notochord, 11, 216-; xpinat eg: 
mentation, IT, 218-22, 224: skail 
development, 1, 222, 227: rémune 
of axis development, II, 224; 
Cope on author's theory, 11, 225-7; 
nerve diferentlation, IL, 904; sen 
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